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0. FOREWORD 

0.1 This Handbook, which has been processed by the Structural 
Engineering Sectional Committee, SMBDC 7, the composition of which 
is given in Appendix A, has been approved for publication by Structural 
and Metals Division Council and Civil Engineering Division Council of 
ISI. 

0.2 Steel, which is a very important basic raw material for industriali- 
zation, had been receiving attention from the Planning Commission even 
from the very early stages of the country's First Five Year Plan period. 
The Planning Commission not only envisaged an increase in production 
capacity in the country, but also considered the question of even greater 
importance, namely, the taking of urgent measures for the conservation of 
available resources. Its expert committees came to the conclusion that 
a good proportion of the steel consumed by the structural steel industry 
in India could be saved if more efficient procedures were adopted in the 
production and use of steel. The Planning Commission, therefore, 
recommended to the Government of India that the Indian Standards 
Institution should take up a Steel Economy Project and prepare a series 
of Indian Standards peciiications, handbooks, and codes of practices in the 
field of steel production and utilization. 

0.3 Over several years of continuous study in India and abroad, and the 
deliberations at numerous sittings of committees, panels and study groups, 
have resulted in the formulation of a number of Indian Standards in the 
field of steel production, design and use, a list of which is given in 
Appendix B. 

0.4 In comparison with conventional steel construction which utilizes 
standardized hot-rolled shapes, cold-formed, light-gauge steel structuies 
are a relatively new development. To be sure, corrugated sheet, which is 
an example of such construction, has been used for many decades. How- 
ever, systematic use had started in the United States only in the 193U's 
and reached large-scale proportions only after the Second World War. 
In Europe, such large-scale use is beginning only now in some countries. 

0.5 The design of light-gauge structural members differs in many respects 
from that of other types of structures. Since its principles are relatively 
new, they are as yet not usually taught in engineering institutions. Th« 
important methods, referring to such design have been formulated in 
IS : 801-1975, to which reference has been made throughout. 

0.6 Intelligent and economical use of a code by a designer may be inade 
only if he has a thorough understanding of the physical behaviour of the 
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structures to wliich the code applies, and of the basic information on 
which the code is based. 

0.7 This handbook which deals with the use of cold-formed, light-gauge 
sections in structures was first published in 1970 and was based on the 
1958 edition of IS : 801. With the revision of IS : 801 in 1975, a revision 
of the handbook was taken. This revision has been prepared in three 
sections: 

Section 1 Commentary 

Section 2 Design tables and design curves 

Section 3 Design examples 

0*7.1 Section 1 contains a systematic discussion of IS:80I-'1975 and its 
background, arranged by fundamental topics 1n a manner useful to the 
practicing designer. This portion should enable the engineer not only to 
orient himself easily with the provisions of IS : 801-1975 but also to cope 
with design situations and problems not specifically covered in 
18:801-1975. 

0.7.2 Section 2 contains considerable supplementary information on 
design practices in the form of tables and design curves based on provi- 
sions of IS : 801-1975. 

0.7.3 Section 3 contains a number of illustrated design examples 
worked out on the basis of provisions of IS : 801-1975 and using various 
tables and design curves given in Section 2. 

0.8 This handbook is based on, and requires reference to the followiiig 
Indian Standards: 

18:800-1962 Code of practice for use of structural rteel in general 
building construction ( rtvistd ) 

IS : 80U1975 Code of practice for use of cold-formed light gauge iteel 
structural members in general building construction (Jirst 
Tivision ) 

18:611-1965 Specification for cold-formed light gauge structural steel 
sections {revised) 

IS : 816-1969 Code of practice for use of metal arc welding for genera] 
construction in mSld steel {first revision ) 

18:818-1968 Code of practice for safety and health requirements in 
electric and gas welding and cutting opefationi {fiist 
revision ) 

10 
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IS : 875-1964 Code of practice for itruciural safety of buildings: Loading 
standards ( rtvisid ) 

IS : 1079- 1973 Specification for hot-rolled carbon steel sheet and strip 
( third rtvision ) 

IS : 1261-1959 Code of practice for seam welding in mild steel 

IS : 4000-1967 Code of practice for assembly of structural joints using 
high tensile friction grip fasteners 

0.9 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
ezpreuing the result of a test or analysis, shall be rounded off in accor- 
dance with IS : 2-1960*. The number of significant places retained in 
the rounded off value should be the same as that of the specified value in 
this standard. 

0.10 In the preparation of this handbook, the technical ccnnmittee has 
derived valuable assistance from commentary on the 1968 edition of the 
specification for the Design of Cold-Formed Steel Structural Members by 
George Winter published by American Iron and Steel Institute — New 
York. 



*Rulei Tor rounding off numerical values ( rmttd). 

11 
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1. SCOPE 

1«1 Thit aectioD contains .a systematic discussion of the provisions of 
IS : 801-1975. 

2. INTROOlKniON 

2.1 Light gau^ members are cold-formed from steel sheets or strips. 
Thickness for framing members ( beams, joists, studs, etc ) generally ranges 
from i-2 to 4*0 taxoi for floor and wall panels and for long span roof 
deck firaofi 1*2 to 2*5 mm, and for standard roof deck and wall ciadd- 
tag Cnm 08 to 1'2 mm. These limiu correspond to normal design 
practice, but should not be understood to restrict the use of material ot> 
kiger or smaUer thickness. In India light gauge members are widely 
used in bus body construction, railway coaches, etc and the thickneu of' 
these members vary from 1*0 to 3*2 mm. 

2^ Forming is done in press brakes or by cold-roiling. Light gauge 
members can be either cold.formcd in rolls or by press brakes from' 
flat steel generally not thicker than 12'5 mm. For repetitive mass produc- 
tion they are formed most economically by cold-rolling, while smaU quan* 
tities of special shapes are most economically produced on press brakes. 
The latter process, with its great versatility of shape variation makes this 
type of construction as adaptable to sf>ecial requirements as reinforced 
concrete i* in iu field use. Presently light gauge members are produced 
in India both by press brake system ( for use in small quantities ) and by ' 
cold-forming ( for use in large quantities ). These members are connected, 
togethor mostly by spot welds, cold riveting and by special fasteners. 
2.S The cold.formed members are used in preference to the hot-rollcc 
sections ia the following situations: 

a) Where moderate loads and spans make the thicker hot-rolled 
shapes uneconomical, for example, joists, purlins, girts, roof 
tmsses, complete framing for one and two storey residential, 
commercial and industrial structures; 

b) Where it is desired that load carrying members also provide 
useful surfaces, for example, floor panels and roof decks, mostly 
installed without any shonng and wall panels; and 

c) Where sub-assemblies of such members can be prefabricated in 
the plant, reducing site erection to a minimum of simple opera- 
tions, for example sub-assembly of panel framing up to 3x4 
metres and more for structures listed in (a), standardized package 
shed type utility buildings, etc. 

S. GUKRBNT SHAPES 

S.1 In contrast to hot-rolling, the cold-forming proceues coupled with 
•utomjitic welding permit an almost infinite variety of shapes to be 

IS 
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produced. The requirements for the sections generally manufactured in 
India are given in IS : 811-1965. But the freedom of designers is not 
limited to the use of sections listed in that standJtrd. This is becaulM a 
great variety of usages require a corresponding variety of shapes. However 
the designer is advised to seek the advice of the manufacturers or fabri- 
cators before specifying special sections. 

3.2 Shape* for Stmctnral Framing — Many of the shapes currently in 
use are shown in Fig. 1. 

3.3 Shapes 1 to 21 in Fig. 1 are outlines similar to hot-rolled shapes, 
except that in shapes 2, 4 and 6 lips are used to stiiTen the thin flanges. 
These shapes are easily produced but have the disadvanuge of being 
unsymmetrical. Shapes 7 to 1 1 are to be found only in ccfld-formed 
construction, they have the advantage of being symmetrical. Shapes 7, 8, 

I 10 and 1 1 are adapted for use in trusses and latticed girders; these sections 
I are compact, well stiffened and have large radii of gyration in both 
principal directions. Shape 9, lacking edge stiffeners on the vertical sides 
is better adapted for use as a tension member. Shapes 12 and 13 are used 
sftecifically as girts and cave struts respectively, in all-metal buildings 
shape 12 being the same as shape 4 which is also used for purlins. The 
above members are all one-piece shapes produced m(|re]y by cold-forming. 

3J3.1 When automatic welding is combined with cold rolling, it is 
possible to obtain additional shapes. Shapes 14 and 15 are two varieties 
of I shapes, the former better adapted for use as studs or columns, the 
lattejLfor joists or beams. Two of the most successful shapes, namely 
shapes 16 and 17 are further adaptations of shapes 14 and 15. By deform- 
ing the webS'lind by using projection spot welding, curved slots are 
formed which provide nailing grooves for connecting collateral material, 
such as wall boards and wocxi floors. Shapes 18 and 19 represent doted 
members particularly favourable in compression the former primarily for 
columns, the latter for compreuion chords of trusses. Shape 20 shows 
one of a variety of open web joists, with choids shaped for nailing, and 
shape 21 shows sections similar to the chords of shape 26 connected 
directly to form a nailable stud. 

3.3.2 The shapes in Fig. 1 do not exhaust the variety of sections now 
in use. There is no doubt that design ingenuity will produce additional 
shapes with better structural economy than many M tlioie shown, or 
better adapted to specific uses. In the design of tudi stntctiual sectiont 
the main aim is to develop shapes which combine economy of material 
( that is a favourable strength weight ratio ) with versatility eaae of mass 
production, and provision for effective and simple connection to other 
structural -members or to non-stmetural oollatnnU material or both of 
them. 

16 
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4. DECKS AND PANELS 

4.1 Some typical roof decks, floor and roof panels, siding, and curtain 
wall panels as they have developed during the last 20 years in USA and 
are beginning to find application, duly modified, in other countries are 
shown in Fig. 2. 

4.2 Standard roof decks are usually 58 mm deep, with a rib spacing of 
130 mm and are used on spans between purlins up to 5 m. As compared 
to corrugated sheet they have the important advantage that the flat surface 
makes it possible to apply insulation and built-up roofing. Long-span roof 
decks are used for spans up to 6 m and more, which means that purlins 
in most cases may be dispensed with. Chief application is for industrial 
buildings, but also for other structures with relatively long roof spans, 
such as for schools. 
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Fio. 2 Floor and Roof Decks, and Wall Panxu 

4.3 Floor and roof panels are made to cover spans from 3 to 10 m. They 
are usually cellular in shape and permit a wide variety of ancillary uses. 
Thus, acoustic treatment is obtained by perforating bottom surfaces and 
installing sound absorbing elements, such as glian fibre innilation, in the 
cells. Electrification of the entire floor is achieved by permanent installa- 
tion of wiring in the cells, which permits floor outlets to be placed where> 
ver desired. Recessed lighting may be installed in the spaces between 
cells, etc. The flooring proper if installed on a light-weignt concrete fill 
( 50 to 75 mm ) placed on top of the floor panels. 
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4.3.1 Curtain walls consist either of single-sheet siding or of cellular 
insulated wall panels. 

4.4 Advantages of these systems are light weight which reduces the cost 
of main framing and foundations; speed of erection; absence of shoring or 
Other temporary supports for floors and roofs; immediate availability; 
adaptability to later changes and additions; and suitability to perform 
enumerated ancillary functions. 

4.5 In the design of these members, structural efficiency is only one of 
the many criteria since the shape should also be selected to minimize 
deflections, provide maximum coverage, permit adequate insulation, and 
accessibility of cells for housing conduits, etc. Optimum strength, that is, 
optimum strength-weight ratio, therefore, is desired only conditionally, 
that is, in so far as it is compatible with the other enumerated 
features. 

4.6 It is evident from this discussion that the shapes used in lightgauge 
construction are quite different from, and considerably more varied than, 
those employed in hot-rolled framing. In consequence, an appropriate 
design code, such as IS : 801-1975 and IS: 800-1962 should enable the 
designer to compute properties and performance of practically any 
conceivable shape of cold-formed structural members. 



5. MATERIAL 

5.1 Structural steel sheet used for production of member should conform 
to IS : 1079 - 1973. 



6. DEFINITIONS 

6.1 Stiffened Compreasion Element — A flat compression element, for 
example, a plane compression flange of a flexural member ( Fig. 3A. SB 
and 3C ) or a plane web or flange of a compression member, of which 
both edges parallel to the direction of stress are stiffened by a web, flange 
stiffening lip, intermediate stifTener or the like conforming to the 
requirement of 5.2.2 of IS : 801 • 1975. 
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^JTIFFENEO COMPRESSION ELEMENTS; 
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Fio. 3 Stiffened Compression Elements 

6.2 UnstiffeuMl Compression Elements — A flat element which is 
stiffened at only one edge parallel to the direction of stress ( Fig. 4 ). 




EhfeOC 



"UNSTIFFEhfeO COMPRESSION ELEMENTS 
Fra. 4 Unstiffenbd Comprbssion Eluisnt* 



> 



S.3 Mnidpls StiflBmsd Elements and 8nbd«a«nto — An elenient 
,that is stiffened between webs, or between a web and a stiffened edge 
( Fig. 5 ). by means of intermediate stiffeners which are parallel to the 
direction of stress and which conform to the requirement*, of 5.2^ t^ 
IS:801-1975. A subelement ist he portion between adjacent stiffeners or 
brcween web and intermediate stiffener or between edge and intenoedi- 
ate stiffener. 
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Fio. 5 Multiple Stiffened Element and Sub-Element 
6.4 Ftat Width Ratio — The flat width ratio — of a single flat element 

is the ratio of the flat width w, exclusive of edge fillets, to the thickness / 
( see Fig. 6 ). 
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Fio. 6 Flat Width Ratio 

6.5 Effectiv* Oeslg n Width — Where the flat-width w of an element is 
reduced for design purposes, the reduced design width b is termed as the 
effective width or enective design width ( Fig. 7 ). 
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Fio, 7 Effective Desion Width 
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6.6 Torsional Flcxnral BnckUng — A mode of buckling in which 
compression members can bend and twist simultaneously ( Fig. 8 ). 



/ 
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( The cro» atctfon shown dottad aftar buckling ) 
Fio. 8 Torsional Flexural Buckling 

6.7 Point Symmetric Section — A section symmetrical about a point 
( centroid), such as a <Z' section having equal flanges ( Fig. 9 ). 

(f=i 

POINT OF SYMMETRY-v 



Fig. 9 Point Symmetric Section 



6.8 Yield Stress, Fy — The cold-rolled steel sections are produced from 
strip steel conforming to IS : 1079-1973, the yield stresses of the steels are 
as follows: 



Grade 

St 34 
St 42 
St 50 
St 52 



ritU Stress ( Min ) 

2 100 kgf/cm« 

2 400 " 
3000 •• 

3 600 " 



7. LOADS 

7.1 For genera] guidance as to the loads to be taken into account in the 
design of structures, reference should be made to IS : 8(10-1962 and 
IS : 875-1964. 
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8. DESIGN PROCEDURE 

8.1 General — All computations for safe load, stress deflection and the 
like shall be in accordance with conventional methods of structural design 
except as otherwise specified herein. 

8.2 Properties of Sections — The properties of sections ( cross-sectional 
area, moment of inertia, section modulus and radius of gyration ) shall be 
determined in accordance with the conventional methods of structural 
design. 

8.2.1 Computation of properties of formed sections may be simplified 
by using a method called 'linear method' in which the material of the 
section is considered concenttatcd along the central line of the steel sheet 
and the area elements replaced by straight or curved line elements. The 
thickness element / is introduced after the linear computation has been 
completed. 

The total area of the section is found from the relation 
'Area — £t x <* where It is the total length of all the elements. The 
moment of inertia of the section is found from the relation '/•-/' x t' 
where /' is the moment of inertia of the central line of steel sheet. 

The section modulus is computed as usual by dividing 7 or ( /' x / ) 
by the distance from neutral axis to the extreme and not to the central 
line of extreme element. 

First power dimensions such as x, y and r ( radius of gyration } are 
obtained directly by the linear method and do not involve the thickness 
dimension. 

When the 'flat width tv of a stiffened compression clement is reduced 
for design purposes, the effective design width h is used directly to 
compute the total effective length letteotiTe of the line elements. 

The elements into which most sections may be divided for applica- 
tion of the linear method consist of straight lines and circular arcs. For 
convenient reference, the moments of inertia and location of ccntroid of 
such elements are identified in Fig. 10. 

8.2.2 The formula for line elements are exact, since the line as such 
has no thickness dimensions; but in computing the properties of an actual 
section, where the line element represents an actual element with a thick- 
ness dimension, the results will be approximate for the following reasons: 

a) The moment of inertia of a straight actual element about its 
longitudinal axis is considered negligible. 

23 
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Fto. 10 Properties of Ld» Elements — Continutd 
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Fio. 10 Properties of Line Elements 



b) The moment of inertia of a straight ( actual ) element inclined 
to the axis of reference is slightly larger than that of the corres- 
ponding line element, but for elements of similar length the error 
involved is even less than the error involved in neglecting the 
moment of inertia of the element about its longitudinal axis. 
Obviously, the error disappears when the element is normal to 
the axis. 

c) Small errors are involved in using the properties of a linear arc 

to find those of an actual corner, but witfa^ the usual small comer 
radii the error in the location of the ccntroid of the comer is of 
little importance, and the moment of inertia generally negligible. 
When the mean radius of a circular element is over four times 
its thickness, as for tubular sections and for sheets with circular 
corrugations, the error in using linear arc properties practically 
disappears. 
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A typical worked out example is given in Section 3. 

8 J Effective Design Width — Consider a plate simply supported on 
two edges and loaded as shown in Fig. 1 1 . 

As the load q is gradually increased, the stress will be uniform. At 

TC*£ 

a stress equal to the critical stress namely y^, — 3 / i — i ' \ ( bit)* '" ^^^ 

( where |x«> Poisson's ratio and t =* thickness ) the plate at the centre 
will buckle. The stress distribution is as shown in Fig. 12A. 

As the load g is gradually increased the unbuckled portion of the 
plate resists the loads and the distribution of stress is as shown in 
Fig. 12B. Failure occurs at a stage when the stress at the supported edge 
reaches yield stress Fj and the distribution of stress at this stage is at 
shown in Fig. 12C. 



illSJM-^^ 




12 A 
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For design purposes the total force is assumed to be distributed over 
lesser width with uniform streis. This reduced width is called the effec- 
tive design width of plate ( see Fig. 13 ). 
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J/dx -/mu'ie 
o 

FlO. 13 

The limplest form for effective width expression is obtained by 
equating yield stress 

■m*E 



F,~ 



{^y- 



n*E 

3(1 -^•)Fy 



,or 



(2) 



This expression, known as Von Karman equation, based on experiments 
has been modified by Winter as 

*-'■"^f^['-''^"(^)^[S <" 

IS : 801-1975 is based on the latest expression adopted by AISI Code 68 
which is given as A - 1-9 ^^[ 1 - 0415 [i-)^'^ ] (4) 

Substiluting for £ as 2 074 000 kgf/cm« 

1.2736^/ 598 \ (5j 

* v/rv (w/OV// 
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8.3.1 Formulae for load and deflection determination: 

The stiffened compression elements fail when the edge streu ( that 
is, the stress on the effective area } reaches the yield point. In order to 
compute the failure moment A/ait of a beam it is necessary to calculate 
the section modulus at a stress equal to the failure stress, that is the yield 
stress, and multiply it by the yield stress. 

Afrtt — •S.tr, X/, (6) 

The factor of safety for bending members — 1*67 that is Fj « 1*67 x^b 
where ft, if the basic design stress. 

Afuit-5,i», X l-67Fb (7) 

. w _ ^o it 

• • '^•"««»«>»« - "Factor of safety 

--^-■y.itrX/b (8) 

It may be confusing to the designer to calculate allowable bending 
moment at section modulus at Fy and then multiply by /». To avoid 
this confusion, the effective width expression for load determination is 
modified by replacing /by 1-67 /so that the designer can substitute /for 
determining the effective width and thus calculate the section modulus 
and multiply the section modulus by/again. 

Therefore, the expression for effective width for load calculation is 
obtained as follows by substituting l*67/instead of/in expression (5): 



n-m 



'7^1" J? r/ I (9) 



The exprenions (9) and (5) are rounded off and modi6ed to arrive at the 
expreuion given in 5.2*I.l of IS : 801-1975. 

Load dtttrminatioti'. 

b 2 120 r I ^^^n , "l 

2R 
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D^Uetim itttrminatioti: 

The flanges are Ailly effective when i — tv; substituting in the expression 
(10) as i — w; 



w 
t 




.(12) 



By simplifying the expression ( 12 ) 
/w\« 2120/ »\, 985800 

This is a quadratic equation in (-p ) ^^^ solving 

T-vT 

This is modified as 



in 



In a similar way | -r- I for deflection determination can be 
V ' Jiim 
obtained from expression (11) as, 

1813 



(-J-) ■* ry -r- which is modified 



as 

i^ in IS : 801.1975 



8.3.2 ^ftetiiM Widths for Squcrt tmd Tubular Seetioiu — Thtu sections 
being rolled under strict quality control, a higher value of eflcctive widths 
are permitted to be in agreement with the experimental results. 

BJiJS MuUipU Stiffentd ElHUtt^ mi Widt Stijaui Elmmts with Edgt 
SiifiMfrt — The elemenU with large flat width ratios become uneconomical 
be« an i s e they have only very small effective widths. In such cases the 
dements may be stiffened with stiffeners as shown in Fig. 5. In 
I when flat width ratio ofsubelement exceeds 60 because of the shear 
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lag effect, the effective design width and also the effective area of the 
Btiffener should be reduced as given in 5.2.1.2 of IS : 80U1975. 

8.3.4 &ifftnersfor Compression Elements — In order that a flat compres- 
sion element may be considered a stiffened compression element it shall 
be stiffened along the edge with stiffener of sufficient rigidity. The mini- 
mum moment of inertia required to stiffen the edge has been calculated 
approximately and the expression under 5.2.2.1 of IS: 801-1975 has 
been arrived at. The experimental results give a close fit to the values 
obtained from the expression. Whereas an edge stiffener stiffens only one 
compression element, an intermediate stiffener stiffens the two compres- 
sion elements on either side of the stiffener. The minimum moment of 
inertia required for an intermediate stiffener is proposed as double the 
moment of inertia of an edge stiffener. 

Tests have shown that in a member with intermediate stiffeners the 
effective width of a subelement is less than that of an ordinary stiffened 

element of the same -j- ratio, particularly if — exceeds about 60. This 

may be understood from the discussion in the following paragraphs. 

In any flanged beam the normal stresses in the flanges are the result 
of shear stresses between web and flange. The web, as it were, originates 
the normal stresses by means of the shear it transfers to the flange. The 
more remote portions of the flange obtain their normal stress through 
shear from those closer to web, and so on. In this sense there is a 
difference between webs and intermediate stiffeners in that the latter is 
not a shear-resisting element and therefore does not < originate ' normal 
stresses through shear. On the contrary, any normal stress in the stiffener 
should have been transferred to it from the web or webs through the 
intervening flange portions. As long as the subelement between web and 

stiffener is flat or only very slightly buckled ( that is with low —■ J this 

■bear proceeds unhampered. In this case, then, the stress at the stiffener 
is equal to that at the web and the subelement is as effective as a regular 

■tiffened element of the same — ratio. 

However for large ~ ratiof the slight buckling waves of the sub- 
element interfere with complete shear transfer and creaite a shear lag^ 
consequently the stress distribution in a multiple stiffened element, when 

the •-- ratios of the subelements exceed about 60, can be thought of ai 
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represented in Fig. 14. That is, since the edge stress of a subelement it 
less at the stifFener than at the edge, its cfTective width is less than that of 

corresponding stiffened element I with same — ratio ). Also the effi- 
ciency of the stifTener itself is reduced by this lower stress; this fact is best 
accounted for by assigning a reduced effective area to the stiffener. 

Correspondingly the effective widths of subelements are identical 
with those obtained from 5.2.1.1 of IS : 801-1975 only where ~ is lets 




MAX 
STRESS 



MEAN 
STRESS 



\^ 



y 



y 



Fio. 14 Multiple Stiffened Eleuent 

than 60. For larger — ratios these eflfective widths are reduced, accor- 
ding to the formula 5.2.1.2 of IS : 801-1975. Also in view of the reduced 
efficiency of the intermediate stiffenert as just described, their effective 
area for determining properties of sections of which they are part, b to b« 
determined from the formula for A^u. It should be noted that the 
usually slight reduction in efficiency provided by 5.2.1.2 of IS : 801-1975 
does not detract from the very considerable gain structural economy 
obtained by intermediate stifieners. 

Provisions (a), (b) and (c) of 5.2.2.2 of IS: 801-1975 reflect the 
described situation, namely, that the intermediate stiffeners, due to shear 
lag across slightly waved subelement are not as effective at complete webt 
would be. Consequently, if a number of stiffeners were placed between 

webs at such distances that the resulting subelements have ~- ratioi of 
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ooniiderable magnitude, there would be a rapidly cumulative lou of 
effectiveness with increasing distance from the web. Provisions (a) and 

(b) in essence provide that if -7- of the subelements exceeds ( -f] > that 

is, if they are in the slightly btickled state so that the shear transfer is 
interfered with, only such intermiediate stiffeners which are adjacent to 
web shall be regarded as effective. On the other hand if stiffeners are 
so closely spaced that the subelements show no tendency to slight buckle 

I that is, -— is less than ( ~r ) I, the entire element including stiffe- 
ners will be fully effective. This is what provision (c) also specifies for 
such closely stiffened elements an effective thickness U for computing, 
when needed, the flat width ratio of entire element ( including stiffeners ). 
It is easily checked that this /, is the thickness of a solid plate hkving the 
same moment of inertia as the actual, closely stiffened element. 

9. ALLOWABLE DESIGN STRESSES 

9.1 Gosnprcaaion <m UaadfTencd Elements — An unstiffened compre- 
ssion element may fail in yielding if it is short and its — ratio is leu than 
a certain value. 

The elastic critical local buckling stress for a uniformly compressed 
plate is 

- Kn^E 

Jot " — 



12(1 



-•)(")■ 



(14) 



For a long rectangular plate with a free edge and supported on three 
edges the value of a — 0*425. When the restraining effea of the ooonec- 

ted edge is considered iT can be Uken as 0*5. The limit of -^ ratio behm 

which the steel will yield can be found out by equating 

0-5it«£ 



F,- 



12(1 



-"•W 



(15) 



SubstituUng for ^ and ^ (~-\ - -^^ ..,.„ (16) 

as £ -i 2 074 000 kgf/cm» and /« -i 0-3. * 

If the steel has sharp yielding and the element is ideally plaii^ tlw dsaaeat 
will fail by yielding below thi» limit. In practice the dknaem wOl buckle 
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below this theoretical limit and it has been found at a value of about 0*55 

times this value will be suitable for practical cases and hence the limit is 

530 
fixed as yt in 6.2 of IS : 801-1975. As the cold-forming process sets 

up residual stresses this also reduces the proportional limit. By assuming 
a proportional limit of 0*65 Fy the limit of | — | at which elastic buckling 
starts can be found out as 

Q5w*E 



0-65 F, 



' .a (.-..)(^ ): 



Substituting £ >» 2 074 000 kgf/cm* and /t — 3, 
/»\ |200 



y 



This Umit is taken as -H^- in 6.2(b) of IS : 801-1975. For the 

... . ,. . r w 530 , w 1 210 .. . . .u 
•treises within the limit of -r*"" ■ , - to -r- » . ■ that is the region 

of inelastic buckling line B in Fig. 15. Straight line variation is assumed 
and the equation is worked out as follows: 

Let the equation to straight line be 

/-"(y) + ' 

* Vi»r i2(l-^.)/-L^yx 1-67 

530 
.: 0-6 Fy — w -7j=. + e 

•ad 0-38S F, - m ^^ -f c 

S3 



srts(s). 

Solving th«M eqaatioaa: 

m — — 0-000 32 F,'\/~F^ and 

e . 0*769 Fy 

Hence snbtdtuting in the equadon, the expreition for allowable 
stress is obtained as: 

r._f,[0.7M-(^)-=:V^] 

This is rounded off as the expression given in IS : 801-1975 

F.-F,[0.767-(^)-?v^-Fr] 



(18) 




Fig. 13 Unstiffenbd Elbmint Failurb Strsssu and AtxcwA^ui 
Stressbs Foa < -r- < 60 

For ■—■ ratio from 25 to 60 the allowable stress ia obtained as dividing 
the expression ^2 ( 1 — » W wit )« ^ * Victor of safety of 1-67 
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0-5n«g 

that to, F. - 12 ( I -• /»• ) ( wit )• X 1 -67 
561250 

(19) 



(")• 



562 000 
The expres^<»i given in 6.2 (d) of IS : 801-1975 is -j-^rvt' 

(t) 

For section! other than angle sections the allowable stress expression 

it obtained by joining the point c and (f. As for large — ratios there is 

sufficient port buckling strength factor of safety which is taken care of in 
the post buckling strength and the point d is taken in the buckling curve. 

By fitting a straight line between the limits w// == 25 and 60, the 

equation to straight line is obtained as ( I 390 — 20 -^ j (20) 

9.2 Laterally Unbraced Beams — The critical moment for a beam 
simply supported at the two ends and subjected to two end couples is 

^„-iV=^«('+^) <'" 

For I beams C, -■ — ov 
and /r - -5- 



b^id* 



Theequation (21) becomes Ai„ — ^fJEIyCJ+ —^ /, 24 

(22) 

Therefore, the critical stress for lateral buckling of an I beam 
subjected to pure bending is given by 



r„ _Wer __!«1_ / 






3S 



For thin-wallcd sections the first term appearing in the square root 
is considerably less than the second term and hence neglecting the first 
term, we get 

n*d*E _Iy_ 
2/, 



Cor "" 




2L* 



(^-?y 



/yo ... . (24) 



v'Ed . /y K*Ed 

' Where •S'so is the section modulus with respect to the compression 
fiaitge and /yc is the moment of inertia of compression flange about YY- 
a«is that is 

ho" -jp 

To consider the effect of other end conditions coefficient Ct, is added 
and 

"""J^^^ (25) 

rf/yo 

It may be noted that the equation applies to the elastic buckling of 
cold-formed steel beams when the computed theoretical buckling stress is 
less than or equal to the proportional limit Op,. But if the computed 
stress exceeds the proportional limit then the beam will fail by inelastic 
buckling. For extremely short beams the maximum moment capacity 
may reach full plastic moment Mp. A study by Galambos* has shown 
that for wide flanged beams Af p » 1 • 11 My. 

This means that extreme fibre stress may reach an equivalent value 

of I* 11 yj, when ■■■ , ,*° ' —O, if we use the elastic section modulus ■S'^. 
a /ye 

As in the case of compression members, efFective proportional liinit 

can be assumed as one half the maximum stress that is 

ffp, - I ( 111 Fy ) - 0-555 F, ... (26) 

L* S 
The value of corresponding — j-, — is obuined as 

a iya 



'ye 



-•^IneUstic lateral bucklinf of baara*. T. V. OalanabM. Journal of SCrnctinral 
Divitioa ASCE Proc. Volume 89, No. ST 5 October 1963. 
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"3Tr 



- 0-555 Fy 



n«£;Cb \-8n*ECr, 



555 Fy 
The stress against a/ H^^S. is shown in Fig. 16. 

V d /yo 



(27) 




0-555F, 



Fio. 16 



The equation for the stress in the inelastic region is obtained by fitting 
parabola/ » Fy \ A — -^ •y-^- I between the points a and c 



At point a, , , 
a I- 



52. «. Oand/= I'll Fy and 



yo 



at point c, I * — 



l-8ir*ECb 



and/— 0-555 Fy. Substituting these, 

lyC ' y 

the value of ^ is found as 11 1 and that of B as 3-24. 
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The value of */ ^* ^'o. at which the stress/ »Fy is found out as 



o/yO /'y 



For the allowable stresses in 6.3 of IS : 801-1975, the stresses are obtained 
by dividing the following expression by the factor of safety 1*67. For the 
inelastic range the expression is 

In this expression to be on safe side the factor I is taken instead of 1*11 
and the expression in the elastic fange is/a ^*^ a ** (29) 



By dividing the expressions in (28) by 1*67, 

for the range - > * greater than = =- and 

> = -. When . f > = =— that is elastic range 

Ty O /yo fy 

Ft - 0*6 -ijig- (30) 

For -^YT^ < 036 >^£ C,, ^ii^^^ye stress is naturally -^-^/b 

9.2.1 The Z-shaped sections, when they are loaded parallel to web 
they deflect laterally due to unsymmetrical bending, if not properly 
braced. 

, Hence to be on conservative side the value as given in 6.3(b) of 
IS : '801-1975 are assumed. 

9.3 Webs of Bcasns 

9 J.1 In regard to webs, the designer is faced with somewhat different 
problems in light gauge steel construction than in heavy hot-rolled cons- 
truction. In the latter, the webs with large A// ratios are usually fiimished 
with stiffeners to avoid reduction of allowable stress. In cpntrait in 
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cold-formed construction large A// ratios are the rule rather than the 
exception. At the same time the fabrication process, as a rule, makes 
it difficult, though not impossible, to employ stiffeners. Under these 
conditions the problem is that of so limiting the various allowable web 
stresses that adequate stability is obtained without the use of stiffeners. 

9.3.2 The web of a beam may be considered as a simply supported 
plate subjected to shear only. The elastic stress at which a simply 

5.35 ^s E 
supported plate subjected to shear is oor = .„ . _ ,. /yL.^>, where ik i» 

the smaller dimension and t, the thickness. 

Substituting for the value of £ «> 2 074 000 kgf/cm* and n <= 0*3; 

535x9 87x2 074 000 10 028 98 

""' " 12x0-91 (A/0* " (hit)* 

Assuming a factor of safety equal to 1*7 1. Allowable stress in elastic 
shear buckling is: 

10 028 980 5 864 904 

1-71 (A//)« "" (A/0* ^ ' 

This value is given in 6.4.1(b) of IS : 801-1975 as F, - ^ ^(l,^ - 

(82) 

The yielding stress in shear is known to be —7=- times that of yield- 

V 3 

. ,, Fy 

mg stress m tension Fy,m» -jlz. 

In the yielding case, that is for smaller A/f ratios, a lesser factor of 
safety is permitted and is equal to 1'44. 

Hence for smaller A// ratios, that is, when the sheet fails by yielding 
by shear, the allowable stress »= ■ .„ ■ ^ — 0-4 Fy (33) 

"y iJ X 1'44 

This u given as the maximum limit in 6.4.1(a) of IS : 801-1975. 

For the non-linear portion, that is, between yield and clastic buck- 

1 275 
ling, an allowable stress of F, == . , - is permitted and the limit of kjt 

ratio is kept less than v—. (34) 
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9.4 GomprcMlon Mcmbert 

9.4.1 Gtnaral — The basic difTerence between a compreision member 
in hot-rolled section and cold-formed section is that, in cold-formed 
light gauge sections, as the width-thickness ratios of component elements 
of cross section are large, these elements will be undergoing local buckling 
also. Hence it is necessary to incorporate the local buckling effects in the 
allowable stress expressions. This is done by incorporating a factor Q, in 
the allowable stress expressions. 

9.4.2 Axial Sluss in Comprttsion — In light gauge sections because of the 
possibility of local buckling a factor Q, which is less than 1 is associated 
with the yield stress Fy and if we substitute Q/^y for Fy in the well known 
axial compressive expression, the expressions given in 6.6 of IS : 801-1975 
can be obtained. 



9.4.2.1 To find the valttt of a 










a) For stiffened elements — For members 
elements: 


composed i 


entirely 


of stiffened 


where 


XFy 








Pait is the yield load 










A " A -^^ 








(35) 



Comparing with the expression yield stress .> Q,.Fj 

.'. C'. — — ~ for stiffened element where A, ft it the effective 

area of all stiffened elements computed for basic design stress. 

b) For unstiffentd dements — When the member consists of unstiffened 
elements the yield load or ultimate load is the critical stress 
multiplied by the area of cross section. 

that is Puit ■■ /or X A which is rearranged as 



/», 



«^ « IsL. . »r. -. ^V'fj' 'F^^ll. 



Pr-^^f^'Fy^'^F, 



FT "'-rs777 "'"/, 



b 

Where /o and/b are the allowable compressive and bending stresses 
respectively comparing with the expression 

Yield stress = Q,.Fy 

d-j^ (36) 
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c) ftr mtmhtrs eonsisting of both ttiffaud and unstiffined tUnuntt — The 
member consisting of both stinened and unstifiened elements will 
attain its failure load when the weaker of the unstiffened 
elements buckles at the critical stress. At the stress A^xt will 
consist of unreduced area of unstiffened elements and eSiective 
area of the stiffened elements computed for/or> 

^nit ■■ /or X A^tt which is rearranged as 

-A — FT -A- ^"-yt ~A~ ^^ 

Yield stress — Q,- Fy 

That is product of druMUimM X (liti«.n«i 

9.4.2>2 Tk$ allowable stress in axial compression 

a) Factor of safety — The factor of safety for compression members 
is taken as 1*92 which is about 15 percent larger than the basic 
safety factor of 1-67 used in most part of the specification. This 
increase is to compensate for the greater sensitivity of the com- 
pression members to accidental imperfections of the shape or 
accidental load eccentricities. 

The expressions for the compression stress in the elastic 

■n*E 
range is based on Euler critical stress /or ■" . .^r . >, where K 

is the effective length factor. For the inelastic range a parabo- 
lic variation is assumed. The limit of inelastic buckling is taken 
as O'S Ff. As the cold worked members have residual stresses 
the limit of proportionality assumed 0*5 Fy. For light gauge 
members the efifective F, — > Q,.Fy and hence the limit of 
■lenderness ratio at which clastic buckling starts is obtained as 

0-5 Q,,Fy ^ JXJQi-^ 



-"'-"(tL.-V^ 



This limit is denoted by the symbol i/^ - , where Co » J — *-A 

V Ci y Fy 
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The expression in the inelastic range is obtained by taking the 
equation for parabola ai 



/-"^".[-i-^'-l 



KL 



between the limit 4t = 0; fsaFy and 

By substituting these two conditions, the value of j4 = 1 and B t=A, 



./- Q:Fy 



1 _ i _M._ 1 



{KLlf)t 
The expressions arc: 

1) for inelastic range/- Q,Fy 1 — [-^^ (^T] 

2) for elastic range / =» ~ . -.. . . 



(l-i^«^)1 



0-5Fy 




(39) 
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The allowable stresses are obtained by dividing the above expressions by 
the factor of safety 192 that is for XL/r < Cj VQ.: 

'^^ 23 ^ n*£ \rr) ^^' 

By substituting £ — 2 074 000 kgf/cm*, 
_. 10 680 000 

''• — rmw' ^*^> 

b) When the factor Q,is equal to unity, the steel is 2 29 mm or ftiore 
in thickness and KLIr is less than Co, the factor of safety is taken 
as equal to that of a hot-rolled section. The factor of safety 
varies as a quarter of sine curve with KLJr — it is 1-67 and 
becomes 1*92 for KLjr »■ C^. 

When the factor Q, — I, the expression (39) can be written as 






As C», — -„ - 

/- -fy [ » - 2^7 ( ^^Z" )•] («) 

The factor of safety for thicker members where the local buckling is 
not existing, is taken as equal to that for hot-rolled sections, that is, a 
value of 1-67 for KLfr ■- to a value of 192 for AX/r — Co and between 
these values the variation of the factor of safety is a sine function. The 
expression for factor of safety is 

F.5. - -|- + |- ( KLIr )ICo- 1 [ ( KLjr )/Co ]' (43 ) 

Hence in 6.6.1.1(b) of IS : 80M975 that is for members with 
Q, » I and thickness of member if more than 2*29 mm the allowable 
stress for axial compression is obtained by dividing the expression (42) 
by (43). 

9.5 Cosnbiacd Axial kad BeadlnK Stress — If in a member initially 
there is a deviation from the stralghtness or deflection or eccentricity 
from whatever cause, the application of an axial force causes this deflection 
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or eccentricity to be magnified in the ratio -p- which is known as 

the magnification factor. This additional deflection causes additional 
bending moment. Hence the interaction formula for such cases is 

the factor / „ - j can also be written as I j~ j 



>B 7 \ ^» / 

where Pb is the Eulers load and Fb is the Euler stress. If the bending 
moment is acting about both the axes then the chord term also enters. 

/by 

namely f , __ /a "1 p 

For smaller axial loads that is -^—<0-15, the term -=(,- is very small 

r» re 

compared to 1 and hence the magnification factor is taken as 1 itself. 

These give the expressions given under 6.7 of IS : 801-1975. C^ is a 

coeflficient to take into consideration the end moments in the members. 

10. WALL STUDS 

10.1 Cold-formed steel studs in walls or load carrying partitions are often 
employed in a manner different from that used in heavy steel framing, 
but similar to that used in timber construction of residential buildings. 
Such studs are faced on both sides by a variety of wall material such as 
fibreboard, pulp board, plywood and gypsum board. While it is the main 
function of such wall sheathing to constitute the actual outer and inner 
wall surfaces and to provide the necessary insulation, they also serve as 
bracing for the wall studs. The latter, usually of simple or modified I or 
channel shape with webs placed perpendicular to the wall surface, would 
buckle about their minor axes, that is, in the direction of the wall at 
prohibitively low loads. They are prevented from doing so by the lateral 
restraint against deflection in the direction of the wall provided by the 
wall sheathing. If the lateral support is correctly designed, such studs, if 
loaded to destructions will fail buckling out of the wall, the corresponding 
iMickling load obviously represents the highest load which the stud may 
reach. The wall sheathing therefore contributei to the structural economy 
by maximiiing the uiable strength of the stud. 
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10.2 The neceisary requirements in order to assure that the wall shea> 
thing provide the lateral support necessary for the described optimum 
functioning of the studs are stipulated in 8.1 of IS : 801-1975. In order 
that collateral wall material furnish the support to the studs to which it is 
attached, the assembly ( studs, wall sheathing, and the connections bet- 
ween the two ) shall satisfy the following three conditions: 

a) The spacing between attachments ( screws, nails, clips, etc ) shall 
be close enough to prevent the stud from buckling in the direc- 
tion of the wall between attachments. 

b) The wall material shall be rigid enough to minimise deflection of 
the studs in the direction of the wall which, if excessive, could 
lead to failure in one of the two ways, namely, (1) the entire stud 
could buckle in the direction of the wall in a manner which would 
carry the wall material with it, and (2) it could fail simply by 
being overstressed in bending due to excessive lateral deflection. 

c) The strength of the connection between wall material and stud 
must be sufficient to develop a lateral force capable of resisting 
the buckling tendency of the stud without failure of the attach- 
ment proper by tearing, loosening, or otherwise. 

10.?.1 The first of these conditions is satisfied by S.2(b) of 
IS : 801-1975. This stipulates that the sledderness ratio <i/r,for minor-axis 
buckling between attachments ( that is, in the direction of the wail ) shall 
not exceed one-half of the slenderness ratio L/rj for major-axis buckling, 
that is, out of the wall, lliis means that with proper functioning of attach- 
ments buckling out of the wall will always occur at a load considerably 
below that which would cause the stud to buckle laterally betweea attach- 
ments. Even in the unlikely case if an attachment %vas defective to a 
degree which would make it completely ineflective, the buckling load 
would still be the same for both directions ( that is, a/rg » LJri ), so that 
premature buckling between attachments would not occur. 

10.2.2 In regard to conditions (b) the rigidity of the wall material phu 
attachments is expressed as its moduhu of elastic support k that is, the 
ratio of the applied force to the stretch produced by it in the sheathing- 
attachment assembly. 

The minimum modulus k which shall be furnished by the collateral 
material in order to satisfy condition (b), above, that is, to prevent exce- 
ssive 'buckling' of the stud in the direction of the wall. It defines the 
minimum rigidity ( or modulus k ) which is required to prevent from 
lateral buckling a stud which is loaded by /* •-• A.Fy, that is, stressed 
right up to the yield point of the tteel. 
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It may be leen from 8.1(c) of IS : 80M975 that the r^^uired 
modulus of, support k is directly proportional to the spacing of attach- 
ments a. 

10<2.3 It remains to satisfy conditio^ (c) above to the effect that the 
strength of the attachment of wall material to stud shall be sufficient so 
that it will not give way at a load on the stud which is smaller than its 
carrying capacity. This is achieved by means of provision (d) of 8.1 of 
IS : BOM 975. 

10^ Theory indicates that an ideal ( straight, concentric ) stud which is 
elasdcally supported at intermediate points ( such as by wall attachments ) 
will not exert any force on these atuchments until it reaches its buckling 
load. In contrast, analysis and test indicate that intermediately supiported 
' real ', that is, imperfect studs ( crooked, eccentric ) do exert pressure on 
their support increasingly so that the load on the stud is increased. 

It may be noted that a value L/240 has been provided to allow for 
the imperfections. 

11. CHANNEL AND Z-BEAMS 

1 1.1 Among hot-rolled sections, I-shapes are most favourable for use as 
beams because a large portion of the material is located in the flanges, at 
the maximum distance from the axis. In cold-formed construction, the 
only two-flangc shapes which may be formed of one single sheet ( without 
welding or other connection ) are the channel, the Z-shape, and the hat. 
Of these, the hat shape has the advantage of symmetry about the vertical 
axis and of great lateral stability; its use is correspondingly separate 
webs which pose problems of access, connection, etc. 

Channels and Z-shapes are widely used. Neither of them is'symme- 
trical about a vertical plane. Since, in roost applications, loads plate is 
applied in the plane of the web, lack of symmetry about that plane calls 
for special measures to forestall structurally undesirable performance 
( lateral deflection, twisting, etc }. Appropriate provisions for this purpose 
are contained in IS : 801-1975. 

11.2 Connecting Two ChanneLi to Porm mn I-Bcam 

11.2.1 There are various ways of connecting two or more cold-formed 
shapes to produce an I-section. One of these is by spot-welding an angle 
to each flange of channel ( stt shapes IS and 17 of Fig. 1 ). Another is 
to connect two channels back to back by two rows of spot-welds ( or other 
connectors ) located as closely a« pottibk to top and bottom flanges. The 
shapes 14 and 16 of Fig. 1 are sections of this sort. Provisions fbr the 
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coirect proportioning of the connecting ivelds for such ihapet are given 
in 73 of IS: 801-1975. 

11.2*2 In view of lack of symmetry or anti-symmetry about a vertical 
jAanc the so-called shear-centre of a channel is neither coincident with 
the centroid ( as it is in symmetrical or anti-symmetrical shapes ) nor u 
it located in the plane of the web. The shear-centre is that point in the 
plane of a beam section through which a transvene,load should act in 
order to produce bending without twisting. In a channel the shear centre 
is located at a distance m back of the midplane of the web, as shown in 
Fig. 18. The distance m for channels with and without flange lips is 
given in 73 of IS : 801-1975. The internal shear force F passes through 
this point Consequently, if the external load P was applied at the same 
point ( such as by means of the dotted bracket in Fig. 18 ) the two forces 
would be in line and simfde bending would result. Since loads in most 
cases actually act in the plane of the web, each such load produces 
a twisting moment Pan unless these torques are balanced by some 
externally applied counter^torqufts, undesirable twisting will result. 
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Fio. 18 Shear Centrb of a Channel 

11.2.3 If two channels are joined to form an I-beam, as shown on 
Fig. 19A each of them is in the situation shown on Fig. 19B and tends to 
rotate in the sense indicated by the arrow on that figure. The channels, 
then, tend through rotation to separate along the top, but this tendency is 
counteracted by the forces in the welds joining them. These forces Sm, 
constitute an opposing couple; they are shown on Fig. 19B, which repre- 
sents a short portion of the right channel, of length equal to the weld 
spadngs. This portion, delimited by dotted lines on Fig. 19A, contains 
a single pair of welds, and P is the total force acting on that juece of 
one daannel, that is half the total beam load over the lengths. From 
the equality of moments; 

P. - 5w C. so that 5, - i» ( m/« ) (44) 
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Fio, 19 Channels Spot Welded to Fabricate I-Beam 

11.2.3.1 It is seen that the weld force 5, depends upon the load 
acting in the particular longitudinal spacing between welds S. If P is the 
intensity of load on the beam at the location of the particular weld, the 

2 • 



load on the channel it P 



Substituting this in equation (44) we have the required weld 

(45) 



strength S« 
where 



mpt 

~2r 



required strength of weld, 

s s longitudinal spacing of welds, 

e ■• vertical distance between two rows of welds near or at 
top and bottom flanges, 

p i- intensity of load per unit length of beam, and 

m n distance of the shear centre from middle plane of the web 
of channel. 

11.2.4 It is seen that the required weld strength depends on the local 
iutensity of load on the beam at that weld. Beams designed for * uniform 
load ' actually are usually subjected to more or less uneven load, such at 
from furniture and occupants. It is, therefore, specified that- far *tmt- 
formly loaded beams ' the laical load intentity P than be taken at three 
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times the uniform design load. ' Concentrated ' loads or reactions p are 
actually distributed over some bearing length B; \i B is larger than the 
weld spacing s, than the local intensity is obviously ^/5. If, on the other 
hand, the bearing length is smaller than the weld spacing, then the pair 
of welds nearest to the load or reaction shall resist the entire torque 
( Pj2 )m, so that Sy, ■- Pmj2c. Since the main formula above is written 
in terms of a load intensity p, it is convenient to use an "Equivalent 
intensity for this case which is ^ = Pj2s; the correctness is easily checked 
by substituting this value in the general equation 44 { see also 7.3 of IS : 
801-1975). 

11.3 Bracing of Single-Cluutnel Beams 

11.3.1 If channels are used singly as beams, rather than being paired 
to form I-sections, they should evidently be braced at intervals so as to 
prevent them from rotating in the manner indicated in Fig. 18. For 
simplicity, Fig. 20 shows two channels braced at intervals against each 
other. The situation is evidently much the same as in the composite 
I-section of Fig. 19A, except that the role of the welds is now played by 
the braces. The difference is that the two channels are not in contact, 
and that the spacing of braces is generally considerably larger than the 
weld spacing. 

In consequence, each channel will actually rotate very slightly 
between braces, and this will cause some additional stresses which super- 
pose on the usual simple bending stresses. Bracing shall be so arranged 
that (a) these additional stresses arc sufhciently small so that they will 
not reduce the earring capacity of the channel ( as compared to what it 
would be in the continuously braced condition) , and (b) rotations are 
kept small enough to be unobjectionable { for example, in regard to 
connecting other portions of the structure to the channels ), that is, of the 
order of 1 to 2". 

11.3.1.1 Corresponding experimental and analytical investigations 
have shown that the above requirements are satisfied for most distributions 
of beam loads, if between supports not less than three equidistant 
braces are placed ( that is, at quarter-points of the span or closer ). 
The exception is the case where a large part of the total load of the beam 
is concentrated over a short portion of the span; in this case an additional 
brace should be placed at such a load. Correspondingly, 7.3 of IS : 801- 
1975 stipulates that the distance between braces shall not be greater than 
one-quarter of the span; it also defines the conditions under which an 
additional brace should be placed at a load concentration. 

11.3.2 For such braces to be cfTectivc it is not only necessary that their 
spacing is appropriately limited but also that strength is suffice to provide 
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Fio. 20 Braobd Channsu 



the force necessary to prevent the channel from rotating. It is, therefore, 
necessary also to determine the forces which will act in braces such as 
shown in Fig. 21 A. These forces are found if one considers ( as shown 
in the figure ) that the action of a load applied in the plane of the web 
( which causes a torque P^ ) is equivalent to that same load when applied 
at the shear centre ( where it causes no torque } plus two forces/ ■■ P^/A 
which, tcMrether, produce the same torque Pn- As is sketched in Fig. 2 IB, 
each half of the channel may then be regarded as a continuous beam 
loaded by the horizontal fwces/and supported at the brace points. The 
horizontal brace force is then, simply, the appropriate reaction of this 
continuous beam. The provisions of 8.2.2 of IS : 801-1975 repreaent a 
simple and conservative approximation for determining these reactions, 
which are equal to the force P^ which the brace i^ required to resist at 
each Bange. 

11.4 Bracing of Z-Baasna — Mart Z-sections are anti-symmetrical about 
the vertical and horixontal oentroidal axes. In view of this the centroid 
and the shear centre coincide and are located at the mid-pcdnt of the 
web. A load applied in the plane of the web has no lever arm about the 
shear centre ( at «■ ) and does not tend to produce the Uod of rotation 
a similar load would produce on a channel However, in Z*sections the 
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principal axes are oblique to the web ( Fig. 22 ). A load applied in the 
plane of the web, resolved in the direction of the two axes, produces 
deflections in each of them. By projecting these deflections into the 
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Fio. 21 Load Acting at the Shear Centre — Its 
EfFECTt ON the Braces 
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horizontal and vertical planes it ii found that a Z-beam loaded vertically 
in the plane of the web deflects not only vertically but also horizontally. 
If such deflection is pernoitted to occur then the loads moving sideways 
with the beam, are no longer in the same plane with the reactions at the 
ends. In consequence, the loads produce a twisting moment about the 
line connecting the reactions. In this manner it is seen that a Z-beam, 
unbraced between ends and loaded in the plane of the web, deflects late- 
rally and also twists. Not only are these deformations likely to interfere 
with a proper functioning of the beam, but the additional stresses caused 
by them produce failure at a load considerably lower than when the same 
beam is used fully braced. Appropriate experimental and analytical 
investigation has shown that intermittently braced Z-beams may be 
analysed in much the same way as intermittently braced channels. It is 
merely necessary, at the point of each actual vertical load P, to apply a 
fictitious load /. It is in this manner that the provisions applicable to 
bracing of Z-shaped beams in 8.2 of IS : 801-1975 have been arrived at. 

Not* — Since Z-«hap«t and channels are the (impleit two-flange tectiom which 
can be produced by cold-forming, one ii naturally inclined to use them at beam* 
loaded m the plane of the web. However, in view of their lack of lymmecry, such 
beams require special measures to prevent tipping at the supports, as well as relati- 
vely heavy braking to counteract lateral deflection and twitting in the span. Their 
use is indicated chiefly where continuous bracing exists, such at when they are 
incorporated in a rigid floor or roof tystem, so tnat special intermittent braking 
may be required during erection only. For such erection condition in 1.2 of 
IS : 801-1975 may be chidBy useful. For conditions other than these, serious consi- 
deration should be given to hat sections. These have the same advantages as 
channel and Z-sections ( two-flange section produced by simple cold-forming ) but 
none of their disadvantages. They are, in fMt, in some respects superior to 
I-sections. 

12. CONNECTIONS 

12.1 General — A considerable variety of means of connection finds 
application in cold-formed construction. Without any claim for comple- 
teness, these may be listed as follows: 

a) Wilding — which may be sub-divided into resistance welding, 
mostly for shop fabrication, and fusion welding, mostly for erec- 
tion welding; 

b) Boiling — which may be sub-divided into the use of ordinary 
< black ' bolts without special control on bolt tension, and the use 
of high-strength bolu with controlled, high bolt tension; 

c) Riveting — while hot riveting has little application in light-gau^e 
construction, cold-riveting finds considerable lue, particularly in 
special forms, such as blind rivets ( for application from one side 
only ), tubular rivets ( to increase bearing area ), high shear 
rivets, explosive rivets, and other*; 
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d) Strewing — mostly by means of self-tapping screws of a conside- 
rable variety of shapes; and 

e) Special devices — among which may be mentioned; (1) metal 
stitching, achieved by tools which are special developments of 
the common office stapler, and (2) connecting by upsetting, by 
means of special clinching tools which draws the sheets into 
interlocking projections. 

12.1.1 Provisions only for welding and for black bolts are contained in 
IS : 800-1962. Information on high strength, high-tensioned bolts is 
available and will be briefly discussed herein. Classes (c), (d) and (e) 
in 12.1, above, mostly refer to a variety of proprietary devices in regard 
to which information on strength of connections shall be obtained from 
manufacturers ( preferably based on tests preformed by independent 
agencies }, or from tests carried out by or for the prospective user. In 
regard to riveting and, to a lesser extent, screwing, the data given in the 
code in regard to bolting may be used as a general guide. 

12.2 Welding 

12.2.1 Spot Welding — In its normal form as well as by projection, 
welding is probably the most important means of shop connection in light- 
gauge steel fabrication. Welding procedure and design strength of spot 
welds are specified in 15:819-1957. Welding procedure specifications 
contain definite recommendations on electrode diameter, current, etc, 
depending on sheet thickness. The use of the design values of IS : 819-1957 
is, therefore, justified only if the specified welding procedures are strictly 
followed. 

12.2.2 Fusion Welding — It is used for connecting cold-formed light- 
gauge steel members to each other as well as connecting such members to 
heavy hot-rolled steel framing ( such as fioor panels or floor joists to. beams 
and girders of the steel frame }. It is used in fillet welds, butt welds 
( rather rarely ), and in plug or puddle welds. These latter are often 
used in connecting light-gauge to heavy rolled steel and are made by 
burning a circular hole through the sheet and fillet-welding the sheet along 
the periphery of the hole to the underlying, heavy steel section. 

12.2.2.1 The allowable stresses for fusion welds are given in 7.2 of 
IS : 801-1975. It is mentioned that shear stresses are referred to • the 
throat * of the weld. This throat is a fictitious dimension, equal to 0*707 / 
(< being the sheet thickness ), the meaning of which is shown in Fig. 23, 
that is, in welding thin sheet the weld shape generally obtained is that 
shown on the figure, with the thickness of the weld actually exceeding 
that of the sheet. The intention is to disregard any material deposited 
beyond the dashed line in Fig. 23, and to calculate the throat thicknes* 
in the same manner as in heavy welded construction. 
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Fio. 23 Throat of a Fillet Weld 

12.2.2.2 When plug welds are made with pre-punched holes, the 
length of the fillet weld for computing weld strength is identical with the 
perimeter of the hole. When the hole is burned and the weld made in 
the same operation, a frequent process ( which is more aptly designated 
as puddle-welding ), a conservative procedure is to compute the perimeter 
for a hole of diameter 6 to 10 mm less than the visible diameter of the 
puddle. 

12.2.2.3 It should be added that the welding of thin steel sheet 
requires a high degree of skill and welding technique. Welders who have 
successfully passed the usual proficiency tests for welding of heavy sections, 
as a rule, are not capable without special additional training and experi- 
ence to produce satisfactory welds of light-gauge members. Moreover, the 
welding together of two sections of radically diflfercnt thicknesses, such as 
the welding of light-gauge panels or joists to ordinary, heavy steel beams 
or girders, again requires special techniques. A well-trained, skilled 
welder usually will acquire and develop these special techniques with a 
reasonable amount of practice, but such practice should be acquired not 
on the job, but in advance on special practice welds, and under compe- 
tent supervision. 

12.3 Bolting 

12.3.1 Black Bolls in Ordinary Connections — The nature of light-gauge, 
cold-formed construction generally precludes the use of turned and fitted 
both. The provisions of 7.5 of IS : 801-1975 therefore, are written for 
black bolts in oversize holes ( usually I'b mm oversize for bolts of 12 mm 
diameter and larger, and 75 mm for smaller bolts ). 

These provisions of safeguard against the following four types of 
failure observed in tests, generally with a safety factor of the order of 2"5, 
which was selected in view of the significant scatter in these tests. 

12.3.2 High Tensile Friction Grip Bolls 

12.3.2.1 The use of such bolts for connections in hot-rolled steel 
work has become very common in a number of countries. Such 
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connections difler in two respects from those made with ordinary black 
bolts: 

a) the material from which these bolts are made has about twice the 
tensile strength of ordinary, black bolts; and 

b) the nuts of such bolts ar*: torqued to prescribed amounts which 
result in a minimum bolt tension of 90 percent of the proof load 
of the bolt ( the proof load is about equal to the proportional 
limit of the bolt }. 

One of the chief advantages of these connections is that they 
eliminate connection slip which would occur if these same connections 
were made with unfinished black bolts. They also increase the shear 
strength of the connection ( see IS : 4000-1967 ). 

12.3.2.2 In order to investigate the possible advantages in the field 
of light-gauge steel construction of using high-strength bolts with controlled 
high bolt tension, a number of tests have been made on connections of 
this type, with the bolts and bolt tensions ( torques } complied with the 
regulations governing the use of such bolts in heavy steel construction as 
in IS : 4000-1967. 

12.3.2.3 It has also been found in these tests that the use of high 
tensioned bolts will effectively eliminate connection slip at design loads 
regardless of whether the faying surfaces arc bare, painted, or galvanized. 
This may be of importance in situations where small deformations in 
connections may cause relatively large distortions of the structure, such as 
in knee-braces of portal frames, in rigid joint construction generally, and 
in many other situations of the like. 

12.3.2.4 This brief summary will indicate the economic possibilities 
of high strength bolting in light-gauge construction. These may be utilized 
only if special bolts are available, and special assembly techniques are 
strictly adhered to, such as specified in the quoted specifications. 

12.4 Spacing of Connection in Compression Elements — If compre- 
ssion elements are joined to other parts of the cross section by intermittent 
connections, such as spot welds, these connections shall be sufficiently 
closely spaced to develop the required strength of the connected element. 
For instance, if a hat section is converted into a box shape by spot welding 
a flat plate to it, and if this member is used as a beam with the flat plate 
up, that is in compression ( see Fig. 24 ), then the welds along both lips 
of the hat should be placed so as to make the flat plate act monolithically 
with the hat. If welds are appropriately, spaced, this flat plate will act as 
a ' stiffened compression element ' with width w equal to distance between 
rows of welds, and the section can be calculated accordingly. 
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Fio. 24 Plate Spot-Welded to Hat SKcmoN 



13. MISCELLANEOUS 

13.1 Usnaliy Wide, Stable Beam Flanges — Compression flanges of 
large w/t ratio tend to lose their stability through buckling. However, if 
flanges are unusually wide they may require special consideration even if 
there is no tendency to buckling, such as in tension flanges. Two matters 
need consideration for such elements; shear lag, which depends on the 
span-width ratio and is independent of the thickness, and curling which is 
independent of the span and does depend on the thickness. 

13.2 Shear Lag — In metal beams of the usual shapes, the normal 
stresses are induced in the flanges through shear stresses transferred from 
the web to the flange. These shear stresses produce shear strains in the 
flange which, for ordinary dimensions, have negligible effects. However, 
if flanges are unusually wide ( relative to their length ) these shear strains 
have the effect that the normal bending stresses in the flanges decrease 
with increasing distance from the web. This phenomenon is known 
as shear lag. It results in a non-uniform stress distribution across 
the width of the flange, similar to that in stiffened compression elements, 
though for entirely different reasons. As in the latter case, the simplest 
way of accounting for this stress variation in design is to replace the non- 
uniformly stressed flange of actual width w by one of reduced, effective 
width subject to uniform stress. 

56 



SPt6(5)< 

15.3 Flange Gorliag 

13.3.1 In beams which have unusually wide and thin, but stable flanges 
( that is, primarily tension flanges with lart^e wit ratios ), there is a 
tendency for these flanges to curl under load. That is, the portions of these 
flanges most remote from the web ( edges of I-beams, centre portions of 
flanges of box or hat beams ) tend to deflect towards the neutral axis. 

13.3.2 In 3.2.3 of IS : 801-1975, there is given an approximate formula 
which permits one to compute the maximum admissible flange width 

^nu for a given amount of tolerable curling e. 

It will be noted that 5.2.3 of IS : 801-1975 does not stipulate the 
amount of curling which may be regarded as tolerable, but merely suggest! 
in the foot note that an amount equal to about 5 percent of the depui of 
the section is not excessive under usual conditions. It will be found that 
the cases are relatively rare in which curling becomes a significant factor 
in limiting flange width, except where, for the sake of appearance, it is 
essential to closely control out-of-plane distortions ( for example, when 
flat ceilings are to be formed of wide, cellular floor or roof panels ). 

13.4 ^pUcatioa of Plastic Dcilgn to Light-Gange Strnctnrcs 

13.4.1 Considerable research and development eflbrt is under way in 
the field of steel structures for buildings to develop plastic design methods. 
Within certain limits these methods are at present admitted in design 
codes as optional alternatives to conventional ( cither ' simple ', * semi- 
rigid ' or • rigid ') design methods ( sm, for example, 14.2 of IS : 800-1962). 

13.4.2 Plastic design is based on the proven proposition that a mild 
steel beam does not fail when the yield stress is reached in the outer fibre. 
It continues to function, and gives way through excessive deformation 
only when yielding has practically reached the neutral axis from both 
sides, thus forming a • yield hinge '. In continuous structures yield hin|;es 
form successively and produce a redistribution of moments which 
generally permits a more economical design. Failure occurs only when 
enough hinges have formed to convert the structure ( rigid frame, contin- 
uous beam, etc ) into a mechanism. 

13.4.3 This process requires that all hinges, except the last, be capable 
of undergoing rotations, often considerable, while the steel in practically 
the entire section is yielding, at. the same time. Ck)mpact sections are 
capable of performing in this manner. However, many compression flanges 
even if they are rigid enough ( reasonably small w// ratio ) not to buckle 
immediately when the stress reaches the yield point, will buckle very 
shortly thereafter if submitted to further compression strain, such as would 
be caused by the rt>tation of plastic hinges. It has been established in 
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recent reiearch at Lehigh University and elsewhere that in order for a 
flange section to perform satisfactorily in connection with plastic design, 
limitations shall be imposed on wfl and h/l ratios which are significantly 
more stringent than those in use in conventional design. If this is not 
done, members at plastic hinges will prcmaturaly buckle locally and the 
carrying capacity computed by plastic methods will not be reached. 

13.4.4 It is evident from this that most shapes now in use in light- 
gauge steel structures, since they have wjt ratios considerably in excess of 
conventional hot-rolled shapes, are not capable of developing plastic 
hinges satisfactorily and of maintaining them throughout the required 
rotations without local buckling. It follows that plastic design methods 
are not applicable to light-gauge construction in its present form, unless 
such construction is surrounded with additional safeguards of the kind 
which are now in the process of development for hot-rolled structures. 
What is more, it is obvious that those shapes most typical of light-gauge 
steel, such as panels and decks, by their very nature require laree wjl 
ratios which preclude satisfactory performance under plastic design 
conditions. This is not to say that, through appropriate research and 
development, cold-formed sections suitable for structural framing ( as 
distinct from panels and decks ) could not be developed with sufficient 
section stability to be amenable to plastic design. 

13.4.5 It should be noted that these reservations apply to the full 
development of plastic hinges. There arc a number of unsymmetrical 
sections in light-gauge steel construction, such as many roof decks, where 
the neutral axis is much closer to the compression than to the tension 
flange. In such sections the ( stable ) tension flange yields first, but failure 
does not occur at that load at which such yielding begins. Only when 
yielding has spread overmuch of the section, including the compression 
side will the member fail at a load considerably higher than that which 
initiated tension yielding. This development has been used as early as 
1946 for the successful interpretation of tests on suffened compression 
elements. It is this ability of unsymmetrical sections to redistribute their 
stresses through plastic action which accounts for the excess of their strength 
over and above that computed on the conventional, elastic basis. In such 
more limited connections plastic analysis is needed for a full understanding 
of structural performance even of some thin-wall sections. 

13.4.6 However, since light-gauge structures of the presently current 
types (a) usually have compression flanges too thin to develop plastic 
hinges without local buckling, and (b) are usually not of the continuous- 
beam or rigid-frame type; the application of plastic design to light-gauge 
steel structures is much more restricted and of less consequence than In 
hot-rolled construction. 
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1. SCOPE 

1.1 Thii section contains various design tables and design curves, required 
in design of structures using light-gauge steel sections in accordance with 
the provisions of IS : 801-1975. 

2. DESIGN OF STIFFENED COMPRESSION ELEMENTS — 
ELEMENTS WITHOUT INTERMEDIATE STIFFENERS 

2.1 The limiting width thickness ratio ( w/fum ) for compression elements 
below which the element is fully effective (b -^ w) has been tabulated in 
Table 1 both for nontubular and tubular section for the load and deflec- 
tion determination. The values of tc/'itm have been calculated in 
accordance with the formulae contained in 5.2.1.1 of IS : 801-1975. 



TABLE 1 STIFFENED COMPRESSION ELEMENTS LIMITINO WIDTH 




Stbkm IK 


NOMTUBULAB SbCTIOM 


TtTBULAB SbCTIOM 


CoMPMaaioN 










Elxhxnt 










/. k«f/cin» 


For Load Deter- 


For Deflec- 


For Load Deter- 


For Deflec- 




mination 


tion Deter- 
mination 


mination 


tion Deter- 
mination 


100 


143-5 


18500 


1540 


1990 


200 


101-4 


130-72 


108-80 


140-71 


300 


8285 


106-81 


88-91 


114-89 


400 


71-75 


92-50 


77-00 


98-5 


500 


64-18 


82-74 


68-87 


89-0 


600 


58-58 


75-52 


62 86 


81-24 


700 


54-24 


69-92 


58-21 


75-21 


800 


50-73 


65-40 


54-44 


»36 


900 


47-83 


61-66 


51-33 


66-33 


tooo 


45-38 


58-50 


48-70 


62-93 


I 100 


43-27 


55-78 


46-43 


60-0 


1200 


41-42 


53-40 


44-45 


57-45 


1300 


39-8 


51-31 


42-71 


5519 


1400 


38-35 


49-44 


41-15 


5318 


1900 


37-05 


4776 


39 76 


91-38 


1600 


35-88 


46-25 


38-50 


49-75 


1700 


34-80 


44-86 


37-34 


48 26 


1800 


33 82 


43-60 


36-29 


46-90 


1900 


3;i-92 


42-44 


35-33 


45-65 


2000 


32-09 


41-37 


34-44 


445 


2100 


31-31 


40-36 


33-60 


43-43 



2.2 Ntmtabnlar S«ctioa — Design cturvcs, worked out in accordance 
with the provtnons of 5.2.1.1 of IS : 801-1973, for the load and deflection 
deterxnination of noofubular members have been given in Fig. 25A, 2SB, 
26A and 2«B. 
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2.3 Tabakir S«cti«His — Design curves, worked out in accordance with 
the provisions of S.2.1.1 of IS : 801-1975, for the load and deflection 
determination of tubular member have been given in Fig. 27A, 27B, 28A 
and 28B. 

3. DESIGN OF STIFFENED COMPRESSION ELEMJ^ITS — 
MULTIPLE STIFFENED ELEMENTS AND WOW STIFFENED 
ELEMENTS WITH EDGE STIFFENERS 

3.1 Values of «, the reduction factor for computing the effective area of 
stiffeners, as contained in 5.2.1.2 of IS : 801-1975 are given in Table 2 for 
wit ratio between 60 and 1 50. 

TABU 2 REDUCTION FACTOR, a, FOR COMFUTINO EFFBOTIVK ABCA OF 

STIFFENERS ( A.I > aAa ) 

For 60 < !•/( < 90, 



-(3-2*,/«')-^[l--^](.*/') 



For ^ > 90 







«-ik/>0 
































Fiat Width Ratio, 


Ht 










»lt 


























T- 




20 


23 


30 


35 


40 


45 


50 


55 


60 


70 


80 


90 


100 


60 


100 


100 


100 


100 


100 


100 


1-00 


1-00 


100 


100 


100 


100 


100 


62 


0-93 


0-96 


097 


0-97 


0-98 


0-98 


0-99 


0-99 


1-00 


100 


100 


1-00 


100 


64 


091 


0-92 


0-93 


0-94 


0-95 


096 


97 


098 


0-99 


1-00 


1-00 


1.00 


1-00 


66 


0-86 


088 


0-89 


0-91 


0-92 


094 


0-95 


097 


0-98 


100 


1-00 


100 


100 


68 


081 


0-83 


0-89 


OCT 


0-89 


0-91 


0-93 


0-95 


0-97 


100 


100 


100 


100 


70 


0-76 


0-79 


081 


083 


0-86 


0-88 


0-90 


093 


095 


100 


100 


100 


100 


72 


0-71 


0-74 


0-77 


079 


0-82 


0-85 


0-88 


091 


0-93 


0-99 


100 


too 


1-00 


74 


066 


0-69 


0-72 


0-75 


0-79 


0-82 


0-85 


088 


0-91 


0-97 


I-OO 


too 


1-00 


76 


0-61 


064 


0-68 


071 


0-75 


0-78 


0-82 


0-85 


0-89 


096 


100 


I-OO 


100 


78 


053 


0-59 


0-63 


0-67 


0-71 


0-75 


078 


0-82 


0-86 


0-94 


100 


1-00 


100 


80 


0-50 


0-54 


058 


063 


0-67 


0-71 


0-75 


0-79 


0-83 


0-92 


1-00 


1-00 


100 


82 


0-45 


049 


0-53 


0-58 


0-62 


0-67 


0-71 


0-76 


0-80 


0-89 


098 


100 


1-00 


84 


0-39 


0-44 


0'49 


53 


0-58 


0-63 


0-68 


0-72 


0-77 


0'87 


0-99 


100 


100 


86 


0-33 


0-39 


0-44 


0-49 


054 


0-59 


0-64 


0-69 


0-74 


084 


0-94 


100 


100 


86 


028 


033 


0-38 


0^44 


0-49 


•■54 


0-W 


0-«5 


0-70 


0-81 


0^92 


1-00 


noo, 


90 


022 


0-28 


033 


0-39 


0-44 


0-M 


0-36 


0-61 


0<7 


0^78 


0« 


I-OO 


1-00* 


100 


0-20 


025 


0-30 


0-35 


0-40 


0-45 


0-SO 


o-» 


0^80 


0-70 


••10 


0^ 


100 


no 


018 


0-23 


0-27 


0-32 


0-36 


fr4l 


0-45 


050 


045 


0-64 


0-7J 


0-82 


0-91 


120 


017 


0-21 


0-25 


0-29 


033 


38 


0-42 


046 


0-SO 


0-98 


0-67 


0-79 


0-89 


130 


015 


019 


0-23. 


0-27 


0-31 


0-35 


0-38 


042 


046 


0-54 


0-62 


0-69 


0-77 


140 


014 


0-18 


0-21 


25 


0-29 


0-32 


0-3G 


0-39 


0-49 


aso 


0-97 


0-64 


0-71 


ISO 


0-13 


017 


0-20 


023 


0-27 


0-30 


0-33 


037 


0-40 


0-47 


0-99 


0-00 


0<7 
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4. STIFFENER8 FOR COMPRESSION ELEMENTS 

4.1 Clmuse 5.2.2.1 of IS : 801-1975 stipulates the minimum moment of 
inertia of a stifiened compression element by the relation: 



•miB 



1*83 t* y'( wjt )» - 281 200/Fy 



Values of ( lainlt* ) for different values of ( a>/< ) and Fy have been 
tabulated in Table 3. 



TABLE S MINIMUM MOMENT OF INERTIA OF EDGE STIFFENER (4rf./t4 ) 



w 


YncLD Point ov Stbsx. in kgf/cm* 


t 


2 100 


2400 


3000 


3600 


90 




_ 




9-2 


100 





_ 


9-2 


9-9 


120 


9-2 


9-6 


136 


148 


140 


145 


161 


189 


19-8 


160 


20-3 


21-4 


23-7 


24-4 


18-0 


25-3 


263 


28-1 


28-7 


200 


29 9 


30-8 


32-3 


32-8 


250 


406 


41-2 


42-4 


42-8 


30-0 


50-7 


51-2 


52-1 


52-4 


400 


701 


70-5 


711 


71-3 


500 


870 


89-3 


899 


900 


60-0 


107-7 


ioe-0 


108-4 


108-6 


90-5 


144-9 


1430 


145-4 


145-5 


163-3 


163-3 


163-8 


163-9 



4.2 Clause 5.2.2.1 of IS : 801-1975 also stipulates the minimum overall 
depth </aiia for stiffeners consisting of a simple line bent at right angles 
to the stiffened eletnent by the relation: 



</mta - 2-8/ V ( vujt )• — 281 200/Fy 

Values of —Si have been tabulated for different values of ( w// ) 

and Ff in Table 4. 

S. COMPRESSION ON UNSTDPFENED ELEMENTS 

5»1 Values of ( w\i )|inx for unstiffened compression elements for different 
values of Fy, calculated in accordance with the formulae contained in 6.2 
of IS : 801-1975 are tabulated in Table 5. 
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TABLE 4 MINIMUM DEPTH OF SIMPLE LIP EDGE STUTENERS ( tfmia/« ) 

( CUuM 4 2 } 



w 




Yield Stbkss of 


Stkbl im kgf/cin> 




t 


2 100 


2400 


3 000 


3600 


9-0 










100 


»— 


mmm 


4-8 


4-8 


12-0 


48 


4-9 


5-4 


5-6 


14-0 


5-6 


5-8 


6-0 


6-2 


160 


6-2 


6-3 


6-5 


6-6 


180 


6-7 


6-8 


6-9 


70 


200 


7-1 


7-2 


7-3 


7-3 


25 


7-9 


7-9 


80 


8-0 


300 


8-5 


8-5 


8-5 


8-6 


40-0 


9-4 


9-5 


9-5 


9-5 


50-0 


10-2 


102 


10-3 


10-3 


600 


10-9 


10-9 


10-9 


10-9 



TABLE 5 COMPRESSION ON UNSTIFFENED ELEMENTS 

( Claust 5.1 ) 





LlHITIMa VALtntS OF w/( FOB UNBTIFFBtlBD CoMPBIMIOW 


Ff 

kgf/cm* 


530 


1210 


2 100 
2400 
3000 
3600 


1156 

1082 

967 

8-83 


26-40 
24-70 
2209 
20-16 



5.2 Allowable compressive stresses Fo determined for different values of 
»//as stipulated in 6.2(a), (b), (c) and (d) of IS : 80M975 have been 
given in Fig. 29 for F, - 2 100, 2 400, 3 000 and 3 600 kgf/cm». 

6. LATERALLY UNBRACED BEAMS 

6.1 Clause 6.3(a) of IS : 801-1975 stipulates the maximum allowable stress 
Ft) on extreme fibres of laterally unsupported straight ilcxural members 
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when bending is about the centroidal axis perpendicular to the web for 
either I-shaped section symmetrical about an axis in the plane of web or 
symmetrical channel-shaped sections by the relationship: 

^ is greater than li^!^ but less than ^^ 

and Ft - 0-6n» EC^, -^ if 

■ J. IS equal to or greater than = — - 

aJyo ''y 

The values of allowable bending stresses are given in FJg. 30 for 
various values of t." and Fy. 

6.2 Similarly, 6.3(b) of IS: 801-1975 stipulates the maximum allowable 
stresses for point-symmetrical Z-shapcd sections bent about the centroidal 
axis perpendicular to the web by the relationship: 

I^^ u greater than 2:l^^E£l. but less than ^l^^- 

BiyO ^» fy 

and Fb - 0-3n*ECx, -j^ if 
US, 



ZAS,o . ,. . .1 0-9ff»FCb 
■ » ■ • u equal to or greater than = — =. 

aiyo fy 



Values of allowable bending stresses are given in Fie. 31 for different 

L*S 
values of ,v " and Fy. 

6.3 The values of the coefficients - 'v^ — and ' ^'^"' - ^ for I-scctions 

^y Fy 

and symmetrical sections as given in 6.1 above and ^ — and 

Fy 

— -m for Z-sections for laterally unbraced beams as given in 6.2 above 

have been tabulated in Table 6. 
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TABLE* VALUES OF OOEFnonCNTS 

( Clam 6.3 ) 



jr. 


I-SBCTIOHa AND 
STMinTBICAL ChaKMWU 


Z-SsoTioirs 


kgr/cm* 


0-36it«iB 


l-8itW 


0I8k*£ 


0-97t»5 


2 100 
2400 
3000 
3600 


3509 
3 070 
2456 
2047 


17 545 
15 350 
12280 
10 235 


1755 
1535 
1228 
1024 


8 775 
6 675 
6 140 
5 120 




10 20 X «0 90 60 



Fio. 29 Allowable Gomprbsovb Sntus roR Un*tw»nid 
ELBMum, kgf/cm* 
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C.4 In Fig. 30 and Fi^. 3 1 bending coefficient Ci, was assumed equal to 1 . 
Values of Cj, varies with different values of ( MijMt ) by the relationship, 

Cb « 1-75 + 1-05 ( A/i/Af, ) + 0-3 ( Mi/ A/, )« subject to a mini- 
mum of 1 and maximum 2'3. 

Table 7 gives values of the bending coefficient Cj, for different 
values of ( Mi/M| ) for laterally unbraced beams. 



TABLE? BENDING COEFFICIENT Cb 

Ml Cb 
Af, 

- 10 100 

-0-8 110 

- 0-6 1-23 

- 0-4 1-38 

- 0-2 1-55 
00 1-75 
0-2 1-97 
0-4 2-22 
0-6 2-30 
0-8 2-30 
10 2-30 



7. SHEAR STRESSES IN WEBS OF BEAMS 

7.1 Clause 6.4.1 of 18:801-1975 stipulates the maximum average shear 
stress Fv, on the gross area of a flat web by the relationship: 

Fv « 1 275 yfy ^jjj, ^ maximum of 04 Fy when hjt not greater 

hit 



than 4 590/^^ f^ 
t 



and Fy - ^f^^t^^ if*/' " greater than 4 590/y'7^ 



Based on the above formulae, Fig. 32 has been drawn giving allow- 
able shear stresses for different values of hjt and Fy. 
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Fio. 32 Allowablb Shear Strkss in Wkbs in kgf/cni* 

8. AXIALLT LOADED COMPRESSION MEMBERS 

8.1 Gompretsion member*, not subjected to tonion«I*flezanI bucklii^ 
•nd braced against twisting, avenge axial strcM PI A in compression fa 
stipulated in 6.S.].l(a) of IS : 801-1975 not to ejraeed as foOowK 

Car JX/r less than C^-y/^ 

aad Ibr JEZ/r equal to or greater tbm C^f-^Jl 

'^ "" 4«(irz/r)« 

10 680000 
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A graphical presentation giving allowable comprenive strcnci for 
steel of Fy — 2 100, 2 400, 3 000 and 3 600 kgf/cm* are given in Fig. 33, 
34, 35 and 36 respectively for values of Q^from 2 to 1-0. 

8.2 Clause 6.6.1.1 (b) of IS : 801-1975 stipulates that when factor Q,— 1> 
the steel is 2'29 mm or more in thickness and KLfr is less than Co, 



allowable compresnve stress, F^i 



r 5 . 3 KLjr ( AZ./7)«1 



The values of Fti as calculated from the formulae for different 
values off, are given in Fig. 37. 



7» 




Fio. 33 Allowable Compressive Stress in kgf/cin*, 
FOR fy - 2 100 kgf/cm* 




20 40 60 ao too 120 140 160 1M 200 



4- RATIOS- 



Fio. 34 Allowable Coupbbssive Stress im kgf/cm*, 
FOR Fy - 2400 kgf/cm« 
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20 «0 60 60 too t») l«0 160 180 200 
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Fio. 35 Allowable Compressive Stress in kgf/cm', 
FOR Fy — 3 000 kgf/cm» 
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Fio 36 Allowable Compressive Stress in kgf/cm*, 
roR Fy - 3 600 kgf/cm« 
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Fio. 37 Allowable Comprbssivb Stress in kgf/cm< 
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SECTION 3 DESIGN EXAMPLES 
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1. SCOPE 

1.1 This section illustrates the application of the various code provisions 
of IS : 801-1975 along with figures and tables contained in Section 2 of the 
handbook in the design of various cold-formed steel structural members. 



Fig. 38. 



DESIGN EXAMPLE NO. 1 SECTIONAL PROPERTIES 

To find the sectional properties by linear method of the section shown in 




18 



• ^0-2 



0'50 




1-8 




A 



J-3 



-Ik' 



■6-0 



f — 0-3 + 2/2 ««i0-4cm 

All dimensions in centimetres. 
Fio. 38 

Arc teagth for 90* corner — 157 X r = 0-628 cm 
Distance of the C. G. from centre of arc — 0-637 x r 

= 0-254 8 cm 



Sljft. 


Elmnat 


DinunsioH 
cm 


Ltnftk 
cm 


Distant! 
from XX 

d 

cm 


Ad* 


Ml About 
Its Oism C.G. 


1. 


Web 




17-0 





— 


409-42 


2. 


Up, 


1-3x2 


2-6 


7-85 


16022 


0-360 


3. 


Comen 


0-628 X 4 


2-.51 


8-75 


19217 




4. 


Flanges 
Total 


6-0x2 


12-0 


8-9 


950-520 






3411 


I 302-91 


409-780 












- 1 712-69 


(CoKtimmd) 
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DESIGN EXAMPLE NO. 1 SEGTIONAI. PROPERTIES - Cmtd 

Are* - 0-2 X 34-11 - 6-822 cm* 
MI - 0-2 X I 712-69 - 342-54 cm« 

Radius of gyration - J 'Z'lf ^ - ^'^ =™ 

Neglecting the curves tite quantities are as below: 

Length - 17-8 + 6-8 + 17 + 1-7 - 34-8 
Area — 34-8 x 02 — 6-96 cm« 

Error — 205 percent 
MI - H|i + 6-8 X 2 ( 8-9 )« + 2 X 1-7 x ( 8-05 )» + 2 x -jy- 

- 469-98 + 1 077-25 + 220-33 + 082 
» 1 768-38 cm* 

- 1 768-38 X 0-2 - 353-676 

Error = 3 24 percent 
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DESIGN EXAMPLE NO. 2 INTERMEOUTE SPAN ROOP DECK 

The profile illustrated in Fig. 39 forms a roof deck. The gap in the l<n> plate is 
limited to 25 mm to enable fibre boards and similar roof insulation to be used without 
danger of piercing. It is required to determine: (a) the resisting moment of this 
section as governed by the bending stress, and (b) the moment of inertia of the profile 
for deflection compulation. 



r 



■2K 



y 



25 



, es 



I 



y 



■y 



-227.4 



-w.222'6- 



]C0 



-12-5 



r~^'-^ 



—2-* 




All dimensions in centimetres. 
FlO. 39 
a) Allowjbli rtsisling mommt 

First approximation 
A compreuive bending streu of 730 kgf/cm* is assumed. To simplify 
tation, the rounded corners may be assumed to be replaced by square coraen i 
in Fig. 40. 



compu- 
II given 



•^R.l 



fr- 



Fio. 40 
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DBUON EXAMPLE NO. 2 INTERMEDIATE SPAN ROOF DECK — CantJ 

Tha efliective deiign width ii determined in accordance with 5.2.1.1 of 
18:801-1975. 

" 17-26 ... „, 
» 143-83 



( 0-12 



1 43 5 1435 „ , 



( i/( from Fig. 25A in Section 2 of the Handbook >> 69 ) 
.-. » - 69 X 012 -8-28 cm. 
Total effective width b -> 8-28 + 0-12 X 2 - 8-52 cm 

Area of element! - 8-52 X 012 + 6-5 x 012 x 2 + 113 x 012 x 2 

- 1-022 + 1-56 + 0-271 

- 2-853 cm« 

Moment of the area about the top fibre 

- 1022 X 0-06 + 1-56 X 3*25 + 0-271 x 6-4 - 6 865 cm* 

6 865 „ ^^ 
•••^-r853--2''06 

. , 2-406 X 1 250 -, . - . ,, , 
""'-^'' - 6 5 - 240^ " "^"^ ''8'/^'° 

Since the asiumedstreit, namely 730 kgf/cm*, and the actual ttreu are more 
or ten equal, the section propertie* can be calculated for the section. 

Moment of inertia of the profile 

- 2 X 012 X 6-5»/l2 + 1-56 x 0-844* + 0-271 ( 3-974 )* + 1024 ( 2-286 )» 

- 15-96 cm* 

Section modulus — 15-96/4094 -m 3-%7 cm* 

Resisting moment of the section » 3-967 x 1 250 

> 4 958 kgf. cm 

b) Mamtit of iiurtia/or tUJItetitn calculatiait 

Actual sectional properties at design load are always larger than those computed 
foe load determination. Correspondingly the actual top fibre ttren is lest than that 
computed for load determination and will be assumed as 600 kgf/cm*. 

( wli )u» - 1 850/ v'gBC - 75-52 
Actual m/t - 143-83 
.-. bit from Fig. 26A in Section 2 of the Handbook •- 92 and 
»-92 X 0-12- 11-04 cm 
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DESIGN EXAMPLE NO. 2 INTERMEDIATE SPAN ROOF DECK - C»Htd 
Total effective width » 11-04 + 0*24 - 11-28 em 

Area of the profile x 11-28 x 0-12 + 6-S x 0-12 x 2 + 113 x 0-12 x 2 
- 1-354 + 1-56 + 0-271 - 3- 185 cm» 

Moment of area about top fibre — 1354 x 0-06 + 1-56 X 3-25 + 0-271 x 6-4 

- 0-001 + 507 + 1-734 = 6885 cm» 
.■,y - 6-885/3185 - 2161 cm. 

, 2-161 X 1 250 .„„., . „ , 

■^« - ( 6-5-:^2M6TT - ^"'5 kgf/ cmt 

Thii checks with the auumed values with sufficient accuracy. 
Moment of area of the profile 

-2 xO-12 x6-5«/12 + 1-56 X l-089t + 0-271 x ( 4-219 )« + 1-354 x 2-041* 
- 17-807 cm« 
Check fir Jiang* curlint 

Fibre streu at design load as computed above = 622*7 kgf/cm* 
Averagestress/sT- 622-7 x 11-28/17-74 > 395-94 kgf/cm« 
temax — 17-26/2 » 8-63 cm. 
•vmaz irom 5.2.S(d) of IS : 801-1975 



tt'lBftX 



_ r i9 650f.rf. ^ ^fmct_ 



, _ wm^x*.f*n 8-63« x 395 94* 

• • 775^51* X lOTxlW" " 'WEi* X 10» xO-12* X 6-5 

- 0-240 cm. 
Tills is leu than 5 percent of the depth of the sections. 
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DESIGN EXAMPIX NO. 3 IMPROVED ROOF DEClK 

To determine the carrying capacity and Other pertinent propertiei of the 
profile ihown in Fig. 41. 

Thii deiign example illustratei the manner in- which the itructural develop- 
ment work, more economical thapet are produced in luccetsive deiigni. In Design 
Example 2, out of a total flat width of 143-8 1 only 7S ( is structurally efTective. 
Hence, it is evident that the metal is not used economically. It is apparent that 
the top flange efficiency may be improved by providing an intermediate stiffener 
midway between the ribs. However, as a result of this improvement in the efficiency 
of compressive flange, the neutral axis would be located even closer to that flange 
than in Deiign Example 2. In general, the best location for the neutral axis is as 
close to the mid-depih as possible so as to minimise the amount of unstressed material. 
To compensate for the improved top flange efficiency, it is desirable to improve 
the balance of material above and below the axis by increasing the width of the rib, 
and thereby of the bottom flange. It is also necessary to prevent damage to 
the roof insulation material that the gap in the top plate should not exceed 25 mm. 
To do this and to add material to the bottom flange wedge-shaped ribs have been 
provided. 



IS 



IT 



1—50-1 



-250 



"XT 



* 



Tt,-M\m WS103-9 — «HT7-«h wi=10>9 — HM-** I -JU-M 

if ^ I i -M-tr 

W // I V'S-" 1-^15— 





All dimensions in millimetret. 
Fio. 41 



( CwitiKKii ) 
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DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECK — CmUd 

•) AU'wabli Ktsitting Metittut 

Actual Mowunt oflntrtia •/ the Stifftntr 
Area of elements •■ 

2 x012 X0]2 -0 028 8 
2x13 X 012 -0-360 
1 X 126 X 012 - 0151 2 

0-540 Oc ml 
Moment of the area about bottom flange 

- 0-028 8 X 1-44 + 0-36 x 0-75 + 0-151 x 06 

- 0-041 5 + 0-27 + 0-009 072 - 0-320 572 cm* 
.-. y - 0-320 57/0-54 - 6 cm 

Moment of inertia -0-028 8 X {0-84)» + 2 X 012 X l-5i/12 + 36x{0-15)« 
+ 01512 X (0-54)1 

- 020 3 -t- 0-067 5 + 0-008 1 -(- 0-004 415 

- 0074 005 cm« 

The central portion, with all neceuary dimeniions, ii shown above and for 
limplicity properties are computed only for this central portion. For such sections, 
it is first necessary to design the stifTener to have the required rigidity. Subacquently, 
the sectional properties are computed in a manner similar to that of Example 2. 

iv/(- 103-9/1-2' 86-58 

Assume a stress of 590 kgf/cm* at the top flange. Efl'ective width ratio ijt for 
/— 590 kgf/cmi and wjl — 86-58 is 680 ( from Fig. 2SA in Section 2 of the handbook). 

*'/;-»//_ 0-10 («»/<- 60) 

- 68 - 01 (86-58 - 60) - 6541 
»' - 65-41 X 012 - 7-85 
Effective area of stifTener — a,Atg 

The value of oc fiom Table 2 in Section 2 for wit — 86*5 and i/< — 68 is 0-82. 
Effective area of stifTener — 0-82 X 0-54 — 0442 8 

Effective width of top flange excluding stiffuner — 2 (7-85 -I- 01 2) 

- 15-94 cm 

( CtmimmJ) 
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DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECK - 


■ Ctnti 


Elmtm 


Ana, A 


Dutanctfiem Top PHr;j> 


A., 


U) 


(2) 


(S) 
cm 


(4) 
cm* 


Top flange 


15 9* X 0-12 
-I-9I28 


006 


0114 7 


Stiffeoer 


0-443 


0-90 


0-398 7 


Webt 


2 X 6-5 X 012 

•m 1-36 


3-25 


5070 


Bottom flange 


2 X 238 X 012 
- 571 2 


6-49 


3-68 




4-467 em> 


9-263 4 cra» 



y - 9 263 4/4-487 - 2064 5 cm 

/e - 1 250 X 2-064 5/(65 —20645) - 5818 kgf/cm* 

Thii it quite near to the assumed value and the lection properties can be 
determined for these values. 

/xi - 1-912 8 X 2 00« + 443 (l-064)» + 2 x 12 x 6-5«/12 + 156 X (1-19)» 
+ 0-571 2 (4-43)i 

1- 22*416 cm< 
Section modulus - 22 416/4-435 5 - 5054 cm* 
.-. Allowable resisting moment •■ 1 250 x 5-054 •- 6 317-5 kgf. cm 
b) Mtmuit oflntrtU I far Dtfltclieii CelaUation 

wit - 86-3 

Assume a stren of 520 kgf/cm* 
hit for deflection calculation is 80-5 from Fig. 26A in Sectioa 2 
»'/« - 803 - 0-1 (86-3 - 60) - 77-85 
f- 77 85 X 012-9-S4em 

For effective area of stiffener, a from TaUe 2 ia Section 2 is 0*94. 
Efftctitre area of stiffener — 0*94 x 0*54 m> <i-ifft cm* 
Total width of flange 2 (934 -t- 012) - 18-92 cm 
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DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECK — Could 



DistaHct/rom Top Fibrt,y A.y 

cm cm* 

0-06 0-136 

0-9 0«6 

3-25 S-O?! 

6-44 3-660 



Orou-Sictitnal Praptrtus 




EUmnri 


Ana, A 
cm* 




Top flange 


18-92 X 0-12 - 


2-270 


Stifl'ener 




0-507 


Webs 


2 X 6-5 X 0-12 - 


. 1-56 


Bottom flange 


2x2-38x0-12= 


0-571 



4-908 cm* 9-322 cm* 

y - 9-322/4-908 - 1-899 cm, and 

/e - '■■''.^ ^ !'x!^ ■.515-92 kgf/cm» 
•"■ 6-5— 1-899 

Thii u near to the aiiumed value with sufficient accuracy 

/- 2-27 X (rat)* + 0-507 X (l)* + 2 X 012 X 6-5V12 -f 156 x (1-35)* + 
0-571 X ( 4-54 )» 

- 7 685 + 0-507 + 549 + 2-84 + 11-767 

- 28-284 cm« 
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DESIGN EXAMPUE NO. 4A BEAM STRENGTH CALCULATION 

A floor jobt consitti of two channeh welded back to back to form an unttiffened 
I-S«ction. It carriei a unirormly diitrilMitcd load of 250 kgf/m over a span of 4 m. 
The limiting deflection ii 1/325 of tpan. 

It ii required to determine if tbii lection will meet the deflection limitations, 
to check the adeauacy of the given section in bending for the span and loading men- 
tioned above, ana to determine the maximum allowable spacing of lateral braces. 





All dimensions in millimetres. 
Fio. 42 



Maximum deflection " 400/325 -• 1-23 cm 

The moment of inertia of the section is determined by linear method as follows: 
it — (+(/2«-2 + I»3 mm 
/ - 1-57 R - 1-57 X 3 - 4-71 mm 
Moment of inertia of corner /07 — 0'149 /t* 

-• 149 X 3> 
• 4 mm* negligible 
Area U - 0-471 x 2 - 0-942 mm* 

c - 0-637 R - 0-637 x 30 - 1-911 mm 
/n - 4 X 0-942 (100 - l'9}i + 4 X 36 X 2 X 



- 36 300 + 2 766 000 + 2360000' 



(100-2)* + 2 X 2 X 
1 92*/ 12 

5 162 300 mm< - 51623 cm« 



( Ctatintud ) 
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DESIGN BXAMPUE NO. 4A BEAM STRENGTH CALCULATION — Contd 

The maximum deflection in a uniforicly loaded beam that occurs at the mid- 
tpaa it equal to 

-5- V "'^* _ 5 V ^^ ^ ♦ X 400» 
384 ^ "Sr " 384" '^ TS7406&ir5T6^ " ° ^^^ ""^ 

Thii it leu than the permiuible deflection of 1-23 cm, thus sacitfying the 
deflection requirement. Section modulus of the beam — ■ Zxx " — rx — '■ 

- 51-62 cm. 
Flat width ratio of flange element — 36/2 — 18 
Allowable compreuive streii » I 090 kgf/cm* 

( From Fig. 29 in Section 2 ) 

Maximum bending moment at the centre of the beam °> 250 x 4*/8 x 100 

~ 50 000 kgf.cm. 

Actual bending itreu developed •> SO 000/52' 163 °- 960 kgf/cm* 

Thb it lets than the allowable stress, thus satisfying the beam strength 
requirement. 

Total width of the sheet used = 2(2x36 + 2x 4-71 + 192 ) 

- 2 X 273-4 - 546-8 mm 

==. 54-68 cm 
Area of crow section =• 34-68 x 02 «> 10936 cm> 

Weight per metre run ■= 10936 x 0783 = 8-^8 kg 

BnttKi ngmtmmt ( Raferring 6J of IS : 801-1975 ) 

C^ - 1 
Xin^SCh 1-8 X 9-87 X 2 074 000 X 1 ,_ _^ „ 

— ]^r~" rm "^^ 

A.«-..- .ODco. ^^-'^-^^- 10369-8 
<MM r^ s<«inn 2 100* 5216 Z,» 1 

1 090 - j^-j- X J 100 - j.4xHJx20740d6'< arxT?l5- J 

Solrlag for L: 

,, 310 X 9-87 X 5-4x20740 00 x JO x 2-515 

^ llUxiltoxiMo 



.7 493-9 
I . 86-96 cm 

I^SL b itiil I«M than I'SkVCW^. Hcaca tbt allowable ttrctt expression 
(Nad ia eorraet and tba q>aciiig of bracing coma* at 86'56 cm. 
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DBSKUf EXAMPUS NO. 4B BEAM STItSNGTH OALCUIJITION 

The data are the tame ai for Design Example 4A except that beam tectioa 
oonsilt* of two channel welded back to back to form a itiBened I-ieclion ai «bown. 
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DiTAtLS OF LIP 
All dimrnsioBi in milHmetrei. 
Fio. 43 

Cbeck the lip for miaimum itrength required for atiffener. 

The dnpth of the iliflenn' ( lip } and its moment of inertia ate determined 
according to SJU.1 of IS : 801-1975. 

m\t - 53-6;i-6 - 33-S 

Minimum depth of the lip required 

. 2'8 1 f/\»/l)» — »ltOOtFr but not leM than 4-8f 
-28 X 1-6 V3Si*- Ml 306/3 IM 
- 2-8 X 1-6 !(/ 1 123 B - tSS-M 
« 1411 mm 
and 4-81 •> 4*8 x I'6 — 7-68 mm 
Hence depth of lip provided ■■ 13 mm is O. K. 
Propertie* of the 90* corner 
X^ 1-6 + 0-8 ■- 2-4 mm 
/ - 1-36 X 2-4 i- 3-77 mm 
e — 0-637 X 2-4 -■ 1*53 mm 

Area - 3-77 x 1-6 - 5032 mm« 

( Cmliimi) 
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DESIGN EXAMPLE NO. 4B BEAM STRENGTH CALCULATION — CM^ 

Ixx oT the entire lection 

Web - 2 X 1-6 X 143-6«/12 - 788 000 

c. i«u. _^-.i rv 4 X l-6( ll-8« + II 8 X 659«) 
Straight portion of lipi " ^ -i — 

- 328 876 
Eight corner! 8 x 5-03* x 73-32' - 216 000 

Flangei - 4 x 5316 x 16 x 74'2» - 1 875 000 

Total > 3 207 876 - 3208 cm* 

If only part of the top flange ii effective, the neutral axit ii below mid-depth, 
and the compretiivc^ itresi if larger than the tenilon itreif and hence govcrni. Iftha 
grou section of the top flange Ii eflective, top and bottom flange itreifet are equal. 
Hence in either caie the driign itreit in the top flange ii known and it 1 250 kgf/cm*. 
wjt limit for/ of 1 250 kgf/cm* ii 40-59 for load determination and 92 33 for deleciion 
determination but the actual value ii 33*5 which ii leu than both the limits and hence 
the full lection it effective. 

.-. Modulut of lection - S20-8/7-5 - 42-77 

Chtckfor dtjhetion 

At the groit lection it effective for deflection alio, actual deflection •> 
5 X 250 X 4 X 400»/( 384 x 2 074000 x 320 8 ) - 1 253 cm 

Cluekftr btam strtngth 

The maximum bending moment in a uniformly loaded simple beami 

- 250 x 4* X 100/8 - 50 000 kgf.cm 
Bending itren - 50 000/42-.77 - I 169 04 kgf/cm* 

Thii it len than the allowable itreit of 1 250 kgf/cm*. Total area of the 
lection — 9-08 cm* 

Weight per metre of the beam - 9-08 x 0785 - 7-12 kg/m 

Saving over the unitiffened taction of design example it 

^'^~7''^ X JOO - 1605 percent 

Bncing rtfuirtmtnt 

5*96* 
Linear /,, - 4 x 1'18 x ( 592 )• + 4 x 0-377 X 5-833» + 4 x — ^ 

+ 4 X 5-3« X 3* + 4 X 0-377 ( 1-67 )» + 14-36 ( 008 )» 
- 466-9 cm* 
Actual t„ - "€6-9 x 016 - 747 cm* 

lyt^^ -37-35 cm* 

( CialiiiMd ) 
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DESIGN EXAMPUi NO. 4B BEAM STRENGTH GALODLAHON — CiaH 

036 X n* X F 0-36 X 987 x 2 07 4 000 , ,„„ , 

Tf 2lBb ""'■^ 

Assume free bending length as 200 cm ( that it a centre bracing ) 

Then ^«r- -T-^^^ - ' 032-21 
tUjt^ 15 X 37'35 

This it lest than 0-X«*EIFj, therefore allowable ttreu It 1 230 itielf. Hence 
provide a bracing at the middle of the beam. 

To thtek Ihi atUpuuf a/ €9im*eling thi two eomponml ehanndt by spot wMt 

According to 7.2.2 of 15:801-1975 allowable thear force per spot of a tlieet 
thickness 1*6 mm is 330 kgf. 

According to 7.3 of IS : 801-1975 

Spacing Sma. — l.g.Ttlm.f > i/6 

The distance of shear centre is given by 

„ =. J^A [wfd + 2 di I d - 4di*lSd ) ] 

" -^^TT^llST^ f '■" X J5 + 2 X l-5(15-4 X l-5»/3 x 15)] 

5-84 X 15 X 016x132 . „, 

_ _ . a. ji'isui cm 

4 X lbO-4 



JO 2 X 10-0 X 330 ,-, 

and 5m.x - z^ggsx 3 x 250/166 " ^^ "" 

£,/6 - 400/6 - 66-6 

Provide tpacing pf 60 cm centre-to-centre. 
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DinON BXAMFLB NO. 5 AXUIXY J.OADED COMPRESSION MEMBER 

To find the column lection properties and allowable axial toad for the column 
section. Lengthof the column •> 2'75 m 



Steel uied i^V — 3 000 kgf/cm« 



96-8 




R = l-6 



All dimensions in millimetres. 
Fio. 44 

Thickneu of sheet •■ 1-6 mm 

The properties of the 90° corner 
Rmm \-6 + 0-8 - 2-4 ram 
L - 1-57 X 2 4 - 3-77 mm 
e - 0-637 R - 637 x 2-4 = 1-53 mm 

M0mmt rfinirtla abtut e*nlroidal axis 



Eltmint 




LtHtlh, 
mm 


L 


mm 


mm» 


Own Axis 


Flanges 

Webs 
Corners 


2 

2 

4 


X96-8. 

X96-8 - 
X 3-77 - 


193-6 

193-6 
15-08 


49-2 


49-93 


408 635-9 
37 594-5 



151 173-2 



402-28 506 230-4 + 151 173-2 

=- 657 403-6 mm* 
Moment of inertia 657 403-6 mm* ■« 657-403 cm* 
Actual moment of inertia ■« 657403 x 016 » 105-18 cm< 



( Cmtimud} 
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DBSnN BXAMPU NO. S AXIALLY LOADED COMPRBSUON MKMBBR — CmU 

Area . 4023 X 0-16 - 6*428 cmt 

Radius of gyration — W ^■423 ■" * 0*5 «n 

w// . 96-8/1-6 - 60-5 

EfiVctive width i// for a streis of 1 250 kgf/cm* for tubular itctioai from Fig. 27B 
in Section 2 — 48, reduction in effective width (60-5 - 48) 0-16 — 12-5 X 0* 16 - 2 cm 

Reduction in effective area •■ 2 X 0-16 •• 0*32 
Total effective area — 6'428 — 4 x 0*32 •- 5-148 cmi 

Atir 5148 „ „, 

llr -I 275/4-045 - 67-98 

Allowable itress from Fig. 35 in Section 2 — I 080 kgf/cm> 

Allowable load 1 080 x 6428 » 6942 kgf. 
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DKUON KXAMPLB NO. S WALL STUD BRACED BY WALL SHEATHING- 
AXUL COMPRESSION MEMBER 

To find th« allowable load /* on the lection shown in Fig. 45. 




All dimeniions in millimetres. 
Fio. 45 

Height of column ■• 4°5 m 

Material of iheatbing if standard density wood with Kw (modulus of elastic 
support) ■• 60 kg/cm 

Walt sheathing of suflScient rigidity is attached to each of the flanges of the 
channel section, which prevents the channel section from buckling in the direction of 
minor axis. 

Properties of 90° corner A i- 1-6 + 0-8 « 2*4 mm 
L = 1-57 X 2-4 - 3'77 mm 
e - 0-637 X 2-4= 1-53 mm 

The moment of inertia of the corner about its own axis is neglected, 
/xz oflhtfM uctitn 

14-36» 

12 
I4-36* 12» 
12 ~ 12 
Four corners - 4 x 377 x ( 731 )» - 806 cm» 

Flanges - 2 X i-iG><. { 742 )« = 5902 cm* 



Web 

Straight portion of the lips 



~ 246-7 cm* 
- 102-7 cm* 



.-. Linear Ixx. •« 1 020-2 cm* 



( CtntinMtd ) 
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DESIGN EXAMPLE NO. « WAIX STUD BRACED BY WALL SHEATHING* 
AXIAL COMPRESSION MEMBER — Omld 



Actual Ixx - 1 020-2 X 016 - 163-2 cm* 
Ijf tf/uU ueliem 



Bmunl 


Lmgtk, L 
cm 


X 

cm 


cm« 


Ut 
cm* 


Web 

Straight portion 

of lipf 
Near corner 
Far corner 
Flanges 


14-36 
2 X 1-18 - 2-36 

2 X 0-377 - 0-754 
- 0-754 
2 X 5-36 - 10 72 

2fi-di8 


008 
5-92 

167 
5833 
30 


1148 8 
12-95 

0-126 

4-39 
3216 
51-774 8 


0-09 
82 60 

0-02 

25-60 

96-48 

204-79 



51-7748 
■*"« "■ 28-948 



1-79 cm 



Moment of inertia of the flange about tlieir centrei of gravity 

2 X 5-36» 

- 25-7 cm» 



12 



Linear tjj 



= 204-79 + 25 7 - 28948 { 1-79 )« 
= 230-49- 92-75 - 137-74 cm» 
Actual /y, or /, =» 13774 X 0-16 = 2204 cm* 

Full fectional properties 

^ - i X / - 28-95 X 0-16 - 4635 cm» 



r. - rxx - ;^ YSST " * ^ 



cm 



18 cm 



Computations of (2.> fit of flange ■• 53-6/1-6 ' 
w/(ofweb — 143-6/1-6 



33-5 
. 89-75 



effective, 



*/< for flange { stress 1 250 kgf/cm* ) from Fig. 25B in Section 2 — full section 



hjt for web ( stress 1 250 kgf/cm* ) from Fig. 25B in Section 2 - 51-25 

ft - 51-25 X 016 - 8-2 cm 
Reduction — 1436 - 8-2 — 6- 16 cm 

[Ctntinmd) 
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DBUON EXAMPLE NO. C WALL STUD BftAOBD BY WALL 8HEATBINO. 
AXLO. COMPRESSION MEMBER — Could 

Total effective ieogth » 28948 - 6- 16 - 22788 cm 

a Am Lttt _ 22'788 n-iai o 

±. - J2L _ 80-8 

Allowable itren from Fig. 33 in Section 2 >• 740 kgr/cm* 
.-. P. « 740 X 4-635 - 3 430 kgf 

Bracing requirement according to 8.1 of IS : 801-1975. 
8 £/|irw 

B'.x 2 074000x2205 x 60 
~ ( 4-635 )• X ( 2 100 j« " '^^''' "° 
L.ft 450 X 218 -, , 
"■•« - 17,-" ' 2 X 5-94 = ^2-5 "=■" 

Provide a spacing of 82 cm for attacbmenti and an end spacing of 75 mm at 
each end of the itud. 

^wPf 555" 
Force in the attachment Pma •• 



4 



2 X . ; El,~ -p. 






450 
60 X 3 430 X "2^ 



2 X J 2 074 000 X 22-04X ^ - 3 430 

385 875 385 875 
- ( ll56d-S-3 450) "" 8 139 ~ *'■* *«'' 



105 



JIPt6(5).1980 



OBSION EXAMPUS NO. 7 WELOBD OQM>-'OKMBD I.IOHT<OAUOB 
8TEBL ROOr fkv»» 



Data 

Smtetartt Welded • W ' type roof tnw 

Sfaas 16 metrei 

Xitn laclination of top chord a 15* to horizontal 

Spacing tftnu$€s: 2*5 metres centre-to-centre 

MauritUx Trun and bearing : Steel with a minimum yield (trcM 

Batic detign streis >• 1 250 kgf/cm* 

Ao^fbv: Slate, asbeitot thinglei, or built up roofing 

Dtdti Hollow light weight precast concrete plank 

Ltaitt 

Dead Loads: 

Light weight concrete plank =m 

Roofing — 
Assumed weight of truss and bracing » 
Total direct load 



'23-2kgf/mmt 



Live load according to Table II of IS : 875-1964 
Toul load — 

ToUl load per truss » 16 x 25 X 192 
- 7 680 kgf 
7 680 
Load per metre run — o x 8'293 " " ^^ '^l' 



75-5 



78 kgf/m* 

19 kgf/m* 

25 kgf/m« 

122 kgf/m' 

70 kgf/m* 
192 kgf/m> 



lM*tM* 8t$kg 




AH dimensions in millimetres. 
Fio. 46 



( C»»tiimd ) 
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DBaiON EXAMPUt NOT^ Jg^f^xngS^^ffi*"" UGHT^AUOE 

l»eal hmding numiUt in tht top Ourd 

«) OiOrihaion/aelort ( m* Fig. below ) 

Jnut A 

«.„ _ 2^03 203 

"^° 0-7i X IWS + 2-63 - 3^ - °-6> 
X>AB - 0-39 

JoinlB 
Dba 



2- 17 



203 + 217 " °''^ 
X>BO - 0-48 
Joint C 

n/,» 0'7 5 X 2-36 177 1-77 

"°^' 6-75 xi-46 + 217- ■n?7+n5-T95--o« 

I>0O — 0-55 
b) Plxod tni momtttts 

J?«. ir.« ^3 x 1-733' „-, , 

«•.»_ 1P». '♦63 X 1-733' ,,„, - 
'AB •- - rBA — J J— . — 159 kgf.m 

Fbo - - Fob - . ^3 ^^2-'^' _ 182 kgf.m 
i'OD - - Fdo - ^^ ^/'^' - 215 kgf.m 



Mffkg 



463 kg An 




H6kg 



938kg 



tt86kg 



«Okg 



FlO. 47 



(Coa/iMMtf) 
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DBSION EXAMPLE NO. 7 WELDED GOLD-FORMED UOHT>OAUOE 
STEEL ROOF TRUSS — Cvn/tf 



Moment Dlatribadon TaU« 



DiavKi- 

BOTION 

Faotob 










Joint* 








S 





A 




B 

, >. 

052 


0-48 




C D 




0-61 




0-39 


0-45 


0-55 


Fixed End 


+ 116 


- 116 




+ 159 


- 159 


+ 182 


-182 


+ 215 - 215 


Moment: 


- 116 


_ 






_ 


_ 


_ 


— + 215 



— 


- 58 
+ 35 


+ 23 


— 


— 


- 49 


+ 108 — 
- 59 — 


— 


- 139 

- 26 


+ 182 
- 17 


- 159 

- 12 


+ 182 
- 11 


- 231 

- 14 


+ 264 — 
- 19 — 


— 


+ 3-7 


- 6 
+ 2-3 


-8-5 
+ 8-0 


- 70 

+ 7-5 


- 5-5 
+ 2-5 


+ 3 - 


— 


- 2 4 


+ 4-0 
- 1-6 


+ 1-2 
- 1-3 


+ 1-3 
- 1-2 


+ 5-8 
- 1-7 


- 21 — 


— 


+ 0-4 


- 0-7 
+ 0-3 


- 0-8 
+ 1-0 


-0-9 
+ 0-7 


- 0-6 
+ 0-27 


+ 0-33 — 


— 


- 3 


+ 0-5 
- 0-2 


+ 0-15 
- 015 


+ 014 
- 14 


+ 0-4 
-0 18 


- 0-22 — 


Support 
momenti: 
in kgf/m 


- 163-6 


+ 163-6 


- 171-4 


+ 171-4 


- 24601 


+ 246-01 - 



The Mipport reactions are calculated a* ihown, treating the rafter S—A—B—C — D 
ai a continuoiu beam these reaction! have been talcen m the loads at the aodal points 
of the trust. 



(CtHtinmd) 
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DBSK»< BXAMPUS»NO. 7 WELDED COLD-FORMED UOHT-GAUGB 
STEEL ROOr TRUSS — Ccittd 

TaUt^Unilhjontljftrtu — 'Foict* in the varioui membert ai determiaed by th* 
method of Mctioni are tamtlatcd below: 



Mmttir 
T»pa»rd 




Lmtgth 
em. 


S-A 




1723 


A-B 




2030 


B-C 




2170 


C-D 




2360 


B»Um Cknd 






O-i 




2250 


1-2 




2300 


2-3 




230-0 


S-4 




230-0 


DUgiMls 






A-1 




730 


B-t 




168-0 


B-2 




132-7 


C-2 




1940 


C-3 




190-6 


D-3 




245-4 


D4nt»«tfT0p 


Chord 




Amme • section at 


•hown 


108 -r 16 

«!/'- J 


92/4-23 


•»,-120- 


1« m. 


104 


•, 104 


.26 




(w/Ou.-l 


*Vly/im - 40-58 


Hence all the eleinenU are fully 
eflhetive. 

.-. ft- I 



Tiuhn 
kgf 



12800 

10870 

8960 

6 790 



1240 
1640 
1980 



13 230 

12300 

10210 

8020 



1 170 
1500 

2 140 




All dimencioaa in millinetraa. 
Fio. 48 

Linear propertieel - 2 X S'2 -f 9-2 -f 2 + 10-4 X 4 x 0-942 
-40-168 cm 
il - 40' 168 X 0-4 - 16*0672 - 1607 cm* 

(CmHimmi) 
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DESION BXAMPLB NO. 7 WELDED OOUD-FORMED UOBT-OAUOB 
STEEL ROOP TRUSS - Cmid 

Weight p«r m^tre - 1607 X 0-78S - 12-6 kg 

To find Cy. L^ - 9-2 X 02 + 2 x 10-4 x 60 + 2 x 32 X US + 2 

X 0-942 X 545 + 2 X 0*942 x li'43S » 224766 cm* 

224766 

J' " 40168 " '** *"■ 

10-4* 
Linear /xx - 9-2 x ( 54 )» + 2 x -jy- + 2 X 10 4 x ( 4 )» + 2 x 8-2 

X ( 6-2 )• + 2 x 0-9« X ( 5055 )» + 2 X 0*942 x ( 5-855 )• cm» 

- 268-1 + 187-5 + 3-SS + 246-0 -f 48-2 + 68- 13 cm* 

- 821-28 cm* lay 821 cm* 
Actual /xz - 821 X 0-4 

-328cm« 

Linear /„ - ^ + 2 x -^ +2 x 3-2 X ( 7 4 )• + 2 x 10 4 X ( 5-2 )• 

+ 2 X 0-942 X ( 4-855 )• -f 2 X 0-942 X ( 5-545 )»cm* 

- 64-9 + 5-46 + 3301 + 3630 + 44-3 + 57-9 cm* 

- 1 085-86 cm* 

Actual I„ - 1 085-86 x 0-4 - 434-344 cm« 



'" - \/- 



328 
16-07 
- 4-323 cm 
SpnOA 

L 172-3 ,„ , - , 

r-432ir-'«>'a-i 

Allowable compranive itrcM Fal from Fig. 41 in Section 2 it 1 143 kgf/cm* 

IS 250 
Actual oompraMire itreti /, — ~Tgjn ~ ®^ icgf/cm* 

... J. - 163-6 X 100 X 5-6 -_- .^,. 
Actual beading ttttnfy — jjg 279 Icgf/cm* 

P\, - allowable bending itreM - 1 230 kgf/cm* 

Checking for the combined axial and bending itrew conditkm (aceordfot «> 
S.7.2 of IS : 801-1973 } 

-j^ + ^ ^^ / ^ < 1 ( taking Cm - 1 ) 

where 

_ 12niJB 12 X 9-87 x 2 074 000 , ,„.^ 

^'"wmnr « X ( Ml j» "*'** 
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mSION KX4»fPU NO. 7 WELDED COLD-FORMED UGHT>GAUOB 
STEEL ROOr TRUSS — CoiUd 



Hence 

y^ ■*■ „ /' T Tt - TfB + nw^rm- "'^^o 5 + 02508 « 
^b L ' - w J 0-971 3 <1 

The lectiott it O. K. 

Span AB Ao effective length factor of 0*85 can be auumed ai the member b 
contiauotu. 
L_ 0-85 X 203 , 

FiX from Fig. 41 in Section 2 •■ 1 145 Icgf/cm* 
Actual/. - -^3:5^- - 765 kgf/cm." f ^ - -7357- - 10 

171-4 X 100 X 6-4 „^ „ . ,, . 

/» /b 765 334 

faJ ■'■ (1 -/.//••'. )Fb ~ TTtT + 0-90 X 1 250 

- 0-668 1 + 0-296 9 = 0-965 < 1 
The section ii O. K. 

To facilitate ea«y fabrication, the bottom chord will be made continuous from 
point to point 3, and a field tplice will be provided in the centre of ipan 3-4. 

Maximum force in the bottom chord — 12 800 kgf 

12800 
Area required ■« 1 -ja -■ U)-25 cm« 

A cbaaael will be choten that hai a total width of 100 mm 10 that it will fit 
into the top diord hal section to ease the connections at the end supports. 

Totsa iengtK - 84 -f 164 -f 2 x 942 

- 248 -f 18-84 

- 266-84 mm 
-i 26-7 cm 

Area » 26-7 x 0'4 - 10 68 cm' > 10-25 em' actually required. 
The centre of gravity of the sactiott is at 

( 8-4 X 0-2 4- 8-2 X 4-9 + 2 X 0-942 x 5 45 ) ^^ 
-( 1-68 + 40-15+ 10-28) -jgly 
■■ 52-11 X -jgTy » 1-95 cm fk'om top. 

{Cmlkmti\ 
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DBSION EXAMPLE NO. 7 WELDED OOLD-VOHMBD UOaT-OAVOM 
STEEL KOOF TRUSS — CmttI 




All dimentioni in millimctrM. 
Fro. 49 



8-2» 



Line«/„ - 8-4 X ( l-75)» + 2 x 0-942 x ( 1-4 )• + -^jj- + 82 x (2-95)* 

•m 24-25 + 3^ -f 46-00 + 71-3 

- 14524 cm* 
Actual Imx - 14524 X 0-4 

« 98*096 cm< 
Ubmt t„ - 8-4*/12 -I- 2 X 0-942 x ( 4-4SS )* 4- 2 x 8 2 X ( 48 )• 

- 49-4 + 57-5 + 377-8 
.464-7 cm* 

Actual tn - 464'7 x 0-4 
■- 189*88 cm< 



rxx 



f 9>-096 I 



va 



- 186-9 
< 890 hmm O.K. 



Boitad eaw w c t ioB will ba adopted t« «u« anctlM. 
Fore* la poiat 9 - 4 -■ 6 780 hgf 



( CWlMiQ 
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ranoN isuMTUi no. 7 WBUum aoUD-roKMiD ubotjoavo* 
nrnsL moor iHtusi — cm^ 

90 pwxwt of •ffective 

•tnnglh of member ■• 0-5 x 10-2t x 1 250 

-6400kgf 

TiMrvfore, 6 790 kgf goramt. 

Minimum bMring ttratt of bolt — 3*5/^ 

- 3-5 X i 230 - 4 S73 kgf/cm* 

3400 
Minimum tbwur itrws of bolt •■ — | — ■• 850 Icgf/cm* 

If ihrM bolti u« provided om in oaclt Ammm and tb« third in the web; strength 

of each belt - ^-^ -2263 kgf 

If 16 mm diemeter boitt are wiopted: 
Root area - 1-57 cm* 

Strength of each bolt 

in double shear - 2 x 1-57 x 650 - 2 «70 kgf 

Therefore um three 16 mm dia bolli 

Allowable itreai on the net section ( ISA of IS : 801-1975 ) 

- ( 1-0 - 0'9r -f 3frf/t ) 0-6 Fj 

- [ I-O - 0^ + ( 10 + tf lit ] I 250 - 730 kgf/em»; r being - I 

Net sectiM ef ibe mMiber •-> gross area » ana of boles 

- ( 10^ - S X 1« X •■4 ) - 10-2S - 1 - 92 

-B-SScat* 

6790 
AdMl flram m the »tl sadiaa - -|:^ -915 kgf/cm» 

> 790 kgf7cm« 
HwsfBW, tetnlwreiim plnie is — eessary. 
IVyaplaMtS X 4aMi 

Gras ana - 10-2S + 6^ x 0-4 - I2« cm* 

AnaaTlMleB - 4 X !■« x •^ft - r56 cm* 

Nalar* - I2« - 2-96 - I9-29 em* 

ltrfM«*dM net aeaMe - 679e/K»t» - 896 kgf/cm* < 7S0k«f/cm*nBo«mUe. 



«■ theaet seetJoaer^lieeplete-. Il-t - M -f nCT^^I ^SQ; 



r|Mia«10 
-I896k«fK»* 
flawUBas69 x 4 mmflmmtmwtA aadlaafmt 
Omewwef SBlkepMa — 6 x 6-5 x (N — U-6 cm* 
-' - ifcriwlm -6X l*9»H0^-4-Scm* 
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DESIGN BXAMPLB NO. 7 WELDED COUKFORMED UGHT>GAUGB 
STEEL ROOF, TRUSS — CmUd 

Net area » 15-6 - 42 ^ 11-4 cm* 

6 790 
Strew on net section — |..i »• 395 kgf/cm* 

< 1050:kgf/cm» O.K. 

Chtckfor ttarmgt 

6 790 
Bearing itreM = 4"^o 4 x 1 6 ~ ^^ kgf/cm» allowable 

Edge distance ( stt 7.5.1 of IS : 80M97S ) 

2 26S ^^ 

" 06 X 2 100 X 0-4 - *■** «"» 
Provide S cm edge diatance 
TwutM iiatoMlt — Mmnbtrt B-\, C-2 m^ D-3 

Maximum force » 1 980 kg. Maximum length ■• 245'4 cm 
For ease of fabrication all tension diagonals will be of the same section. The 
section will have an outside width of 100 mm so as to fit into the top chord to enable 
easy welding. 

1960 
Area required » ~l''250 " ''589 cm* 

Channel 100 x 40 x 16 ( conforming 
to Table III of IS : 811-1969 ) 

» 2-763 cm' 
=. 41-429 cm*. 
•> 3-87 cm 

94S-4 

- =^ - 850 < 180 O.K. 

All dimensions in millimetres. 
Fio. 50 
Ctmprtttitn dU^tiitls 
AUmi«n A-\ and 8-2 

Maximum force 1 505 kg, length - 132*7 em 

A channel 100 x 40 x 2 according to Table III of IS ! 811-1965 U proposed. 

A m, 3-434 cm* 

/xs - 51-032 cm« 

tff - 9-212 cm« 

ris •m S-85 cm 

ray 1- 1*23 cm 

4 .0-813 . ,^ ^-,, 

5f - 132-7/1-23 -lOe for rvalue of ft -0-813 

From Fig. 37. AllfrwaUo stress F, m 670 kgf/cm* 

/, - 1-505/3-434 - 439 kgf/cm» < 670 kgf/em* ...too uneconomical 

( Ctmikmi) 
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DESIGN BXAMFLE NO. 7 WELDED COLO' FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS — Ctntd 



Try 100 X 40 X 16 channel 
/„ -41-429 cm* 
/„ — 4-233 cm« 
txx ~ 3*8^ cm 



rjr — 1-24 cm 
A -2-76cmt 
O -0-66 
t/f - I32-7/1-24 
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>■. Allowable itren from Fig. 37 ii 580 kgf/cmi 

/, - 1 505/2-76 = 595 kgf/cmi > 580 kgf/cro« O. K. 

Mmbir D-S 

Try a lipped channel 100 x 50 x 1-6 mm 
accord&g to Table V of IS : 81 1-1965. 

A ■- 3-446 cm< 

- 55-045 cm« 

- 11-962 cm< 
•m 4-00 cm 

- 1-86 cm 

<- 0-901 

190 6 ,^. 
- 102-3 



Actual compre«$ion itrcu ■• 3.446 

m. 620 kgf/cm« 
< 750 kgf/cmi 
Therefore, provide a lipped channel 
100 X 50 X 1-6 mm 
Ctmparif* i>f eomtntitnal and Ught'fUf disiiits 

The roof truii of Deiign Example No. 7 i> 
deiignad below by conventional method u>ing hot 
rolled Mctioni. 





JMiMiwrf 

OA 
AB 
BC 
CD 



AU dimeniioM in millimetrei. 
Fio. 51 



AnUd 

^gf 
13 250 

12 300 

10 120 

8 020 



Duit* Mtmnt 
cm.kgf 

Ma 163-6 X 
Mb 171-4 X 
Mc 24601 



10» 
10* 
X 10» 



iMttk 

cm 
172-3 

2030 

2170 

236-0 
( Cmaimmi ] 
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DESIGN EXAMPLE NO. 7 WELDED QOLD-«ORMBD U(«T<OAUaB 
ITEBL ROOr TRUSS — Cvud 

The datign it done for panel BC, and the faction is checked tot adetjoacy for 
panel AB. 



. AaMi BC 



Effective length / » 213 x 0*85 •* 184-9 cm 

M > 24601 X 10* cm.kgf, 
P - 10 120 kgf 

Try ISMB 150 

It » 7*6 mm 

il - 190 cm* 

/I « /_ _ 92-6 cm« 
Tjr " 

Tjj » 1*66 cm 

<a — 96-9 cm* 

k . 150 > 7-6 - 142-6 cm 

K - 2-8 cm« 

Jy± 52-6 y 14-26 

- 0-000 227 5 
ri* 2-8 X ( 184-5 )« 
Trp" " 52-6 X 1 14-26 )i 
-8-92 

From TaUa V of IS : 800-1962. 
Ct -9 584kfff/cm* 

Aecerdiag to ItJXl of IS i SOO-1962, thli ha* to be iacrMMd bjr XO 
br roOed lectioai. 



Therefore, O 


- 9 984 -f 717 - 


> 4 901 kgf/ema 




tS45 






Urn' 


-Tar 


-111 




A - 


• 1 969 ksf/cm* Crom Table IV of IS : SOO-lMt 


L 


217 






rn-lW 


- 191 




Therefor*, Fu 


- 900 kgf/cml 








10 ISO 




/. 


n 


- 19 -*« 
2460] 


i«crca> 


A 




-TBT--*** 


kgf/em* 


^ 


**■ 


992 . SM 

"W + TW 





- o«a + o-iM - > 1 
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DI8IGN KXAMPU NO. 7 WELDED GOLD.FORMED UGHT-OAUOE 
STEEL ROOF TRUSS — CtniJ 



Paul CD 



M - 246-01 X 10' cm.kgf; /> - 8 020 kgf 

£ ■• 236 cm, efTective length of compreiiion flange •• 236 x 085 >• 200 cm 
From Table xxvii of IS : 800-1962 permiuible bending itreii Fb " 1 537 kgf/cmt 
Llrrr - 236/1-66 = 142 
F. - 520 kgf/cmt 

24601 X lot „.^ . „ 
A ~ gg^g — 254 kgf/cmt 

8 020 

a - — IJ- •= 422 kgf/cmt 

A.^ A i21^ 254 
F ■•■ Fb ~ 520 ■•■ 1 557 

- 0-813 -fO- 163 

-0-976 < 1. 
Hence ISMB 150 may be uied ai the top chord. 

Btttom dmd 

Maximum tentile force ■> 12 800 k|tf 

12 800 
Approximate area required — "f"505~ ** 8'53 cmt 

Uie ISLC 100 X 7-9 kg/m 
Area » 1002 cmt 

— - -j^ . 143 < 350 O.K. 

TVutra Jiagmali 

Maximum teniile force «• I 980 kgf 

245*4 
Minimum radius of gyration required » ""fsn' " 1*36 cm 

U«e ISA 70 X 70 X 9 mm 

Area - 6- 77 
fata •- 1-35 cm 



W, 



1962. 



a — 70 X 0-5 — 3-5 cmt 

* - 6-5 X 0-5 >- 3-25 cm* 

The net area of the angle lection ii calculated according to 20J.1 of IS : 800> 

Net area of the lection «» a + ** - 3-5 4- 1 + ()-ii x i'Uli'i ^ '*'' 

«■ 6-95 cmt 
Uie ISA 70 X 70 X 5 mm 
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DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS — Contd 

Comprtssiim diagonals 

Maximum compression force = 2-14 Tensile 

Maximum length = 190-6 cm 

w. . J. , . 190-6 X 0-85 
Mmimum radius of gyration =■ rgx = 0"9 cm 

Try ISA 60 x 60 x 5 mm 

fmln = l'I6; 
Area => 5-75 cm* 

L 190-06 X 0-85 
- = FT6 = '■«> 

F. =531 kgf/cm* 

/» = -5^73- = 372 kgf/cm« 

< 531 kgf/cm« too uneconomical. 

Try ISA 55 x 55 x 5 mm 

'inlii = 1"06 cm 
Area = 5-27 cm* 
L 0-85 X 190 6 

7^=— Tog— =>52-5 

Ft. = 462 kgf/cm* 

2 140 
/« = 57^7 = 406 kgf/cm! < 462 kgf/cm* O. K. 

Ctmparison of weights 



Member 

Top chord 
Boitom chord 
Tension diagonals 
Compression 
Diagonals 


Hot Rolled 
Sections 

kg 
2 X 8 283 X 14-9 

16 X 7-9 

12- 148 X 5 3 
7-24 X 41 
3-82 X 41 

gusset plates 


= 246-8 
= 1270 
= 64-5 
= 29-7 
= 15-7 


Ligkt-Gaugt C 
Rolled Sutim 

kg 
2 X 8-283 X 12-6 

16 X 8-38 

12148 X 218 
7 24 X 2-7 
3-82 X 2-705 


old 

\s 

-208 

- 134 

- 27 
= 195 

- 10 5 


Add 10 percent for 


483-7 
51-1 


399-1 



534-8 399-1 

535 - 399 136 



i64 ^ *"" "" 564 

NoTC — The comparison of weight is only of academic interest, as the cost of 
I tonne of cold-formed structures is about twice that of hot-rolled sections. 
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APPENDIX A 

( Clause 0. 1 ) 

COMPOSITION OF STRUCTURAL ENGINEERING SECTIONAL 
COMMITTEE, SMBDC 7 

The ISI Structural Engineering Sectional Committee, SMBDC 7, 
which it responsible for processing this Handbook, consists of the 
following: 

Chauman Rtprutnting 

DiaacTOR Stanoabd* ( Civil ) Ministry or Railways 

Mimbttt 

Sbri R. M. Aoabwal Institution of Engineers ( India ), Calcutta 

Dr Prim KRiaaMA ( AlUriuut) 
Sbri A. K. Banxrj«> Metallurgical and Engineering Consultants 

( India ) Ltd, Ranchi 
Shri S. Sankaran ( AllmaU ) 
Shri B. G. Babduan Braithwaite St, Co Ltd, Calcutta 

Shri S. K. GAMOorAOHYAY ( Alltnalt ) 
Shri S. N. Basu Inspection Wing, Directorate General of Supplijes 

and Disposals, New Delhi 
Shri D. B. Jain ( AUtrnalt ) 
SuRi P. C, BuASiN Ministry of Shipping and Transport ( Deparimcnl 

of Transport ) ( Roads Wing ) 
SjlRl V. S. BuiDB Central Water Commission, New Delhi 

DaroTY Director ( Gates 
AND Daaiqita ) ( AliemaU ) 
Dr p. N. CuATTRRJaa Government of West Bengal 

Dr p. Dayaratmam Indian Institute of Technology, Kanpur 

Shri D. S. Drsai M. N. Dastur & Co Pvt Ltd, Calcutta 

Shri S. R. Kulkarni ( AlltmaU ) 
DlRKGTOR ( TRAMaiiiBsioii ) Central Electricity Authority, New Delhi 

DaruTY DiRxoTOR ( TBAKSiiiasioM ) 
( AUtrnalt ) 
Joint Dirrctor Standards Ministry of Railways 
(B&S) 
Assistant Dirbctob ( B & S )-SB 
( AlwfnaU ) 
Shri K. K. Khanna National Buildings Organization, New Delhi 

Shri K. S. Skinitasan ( AUirnatt ) 
Shri P. K, Mallick Jcssop & Co Ltd, Calcutta 

Shri S. K. Mukhbbjeb Bridge & Roof Co ( India } Ltd, Howrah 

Shri B. K. Chattebjeb ( Alttrnaii ) 
SflRi P. N. Bhaskaran Naiii R.iil India Technical and Economics Services, 

New Delhi 
Shri A. B. Ribeiro ( AllemaU ) 
Shri N. V. Raman Structural Engineering Research Centre 

( CSIR }, Madras 
Dr T. V. S. R. Afpa Rao ( Alttrnatt ) 

( Ctntmutd m p^gi 120 ) 
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Psor H. C. PAXMMWAm EagiaMr-ia-Chicf'* Brancb, M iniitry of Oaftac* 

Sum C. S. S. IUo ( AUmmU ) 
SmKi Diur Faux. Indiwtriai Fa«ten«n AnocUdon of India, 

Calcutta 
Shbi Kaetix PaatAD Indian Roadt CongrcM, New Delhi 

ShBI S. C. CBAXKjtBAMTI ( AUtntM/ ) 

RjonftMJnrTATiva Hinduuan Steel Work* Gonttnietion Ltd, 

Calcutta 

RmrttMMMifrtATiym Riciiardion fc Cr^dda* Ltd, Bombay 

Sam P. V. Naix ( Miimau ) 

Shbi P. Ssnoufta Stewart* & Lloydi of India Ltd, Calcutta 

Sb»i M. M. OnocH ( AUtmatt ) 

Shbi C. N. SBuriVAtAtr Meim C. R. Narayana Rao, Madrai 

Shbi O. SaiHiTAaAir Oharat Heavy Electrical! Ltd, Tinichchirappalli 

Shbi D. SBnnvAaAir Joiat Plant Committee, Calcutta 

Shbi B. P. GBoan ( AlitmaU ) 

Shbi M. D. Thahbbkab Bombay Port Truil. Bombay 

Db D. N. Trixha Univertity ot Roorkee, Roorkee 

Shbi L. D. Waduwa Ejigineen India Ltd, New Deibi 

Shbi B. B. Naq ( AlttnaU ) 

Shbi C. R. Rama Rao, Director General, ISt ( Ex-ofici» Mtmitr ) 
Director ( Struc & Met } 

S*crilary 

Sum S. S. SxTHi 

Aiiiitant Director ( Struc & Met ), ISI 

Panel for the Revision of Handbook on Cold-Formed tight Gauge Steel 
Structurei, SMBOC 7 : P 31 

Db C. Gahafatby Chbttiab Indian Inuitute of Technology, Madru 

APPENDIX B 

( Clause 0.3 ) 

LIST OF IMPORTANT STANDARDS AND CODES OF 

PRACTICES PUBLISHED BY THE INDIAN STANDARDS 

INSTITUTION IN THE FIELD OF STEEL PRODUCTION, 

DESIGN AND OSE 

I MaltriaU 
a) Sthutural SUtl 
IS: 

226-1975 Structural steel ( standard quality ) {fifth rnision ) 

961-1975 Structural steel ( high tensile ) ( steond rtoision ) 

1 16 1 -1968 Steel tubes for structural purposes ( second rnision ) 

1977-1975 Structural steel ( ordinary quality ) {fi'st tvision ) 

2062-1969 Structural steel ( fusion welding quality ) {first rtmsion ) 
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b) Stnutural Shap$s ( Ste$l ) 

IS: 

808-1964 Rolled steel beam, channel and angle sections ( rtvised ) 

808 ( Part 1 )-1973 Dimensions of hot rolled steel sections — MB seriei 

(beams ) 
808 ( Part II ).1976 Dimensions of hot rolled steel columns — SC series 

( second Ttvijion } 
808 ( Part V )-1976 Dimensions of hot rolled steel sections: Part V 

Equal leg angles ( second revision ) 
808 ( Part VI )-1976 Dimensions of hot rolled steel sections: Part VI 

Unequal leg angles ( second revision ) 
81 1-1965 Cold-formed light gauge structural steel sections ( revised ) 
1 161-1968 Steel tubes for structural purposes ( second revision ) 
1730 ( Part I )-l975 Dimensions for steel plate, sheet, strip for struc- 
tural and general engineering purposes: Part I Plate {first 
revision ) 
1730 ( Part II )-1975 Dimensions for steel plate, sheet, strip for struc- 
tural and general engineering purposes: Part II Sheet {Jirst 
revision } 
1730 ( Part III ).1975 Dimensions for steel plate, sheet, strip for struc- 
tural and general engineering purposes: Part III Strip {Jirst 
revision ) 
1731-1971 Dimensions for steel flats for structural and general engineer- 
ing purposes ( first revision ) 
3954-1966 Hot rolled steel channel sections for general engineering 
purposes 

c) Fasteners { Rivets I Bolls ) 

IS: 

730-1966 Fasteners for corrugated sheet roofing ( revised ) 
1364-1967 Precision and semi-precision hexagon bolts, screws, nuts and 

lock nuts ( dia range 6 to 39 mm ) {first revision ) 
1367-1967 Technical supply conditions for threaded fastener (first 

revision ) 
1821-1967 Dimensions for clearance holes for metric bolts {first revision ) 
1 862- 1 975 Studs ( first revision ) 
1929-1961 Rivets for general purposes ( below 12 mm to 48 mm 

diameter ) 
2016-1967 Plain washers {first revision ) 

2155-1962 Rivets for general purposes ( below 12 mm diameter) 
2389-1968 Precision hexagon bolu, screws, nuts and lock nuu ( di« 

range 1*6 to 5 mm ) {first revision ) 
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IS: 

2585-1968 Black square bolts and nuts ( diameter rai.gc 6 to 39 mm ) 

and black square screws ( diameter range 6 to 24 mm ) {first 

revision ) 
2609-1972 C3oach bolts (first revision ) 
2687- 1 975 Cap nuts ( first revision ) 
2998-1965 Cold forged steel rivets for cold closing 
3063-1972 Single coil rectangular section spring washers for bolts, nuts 

and screws ( first revision ) 
3138-1966 Hexagonal bolts and nuts 

3139-1966 Dimensions for screw threads for bolts and nuts 
3640-1967 Hexagon fit bolts 

3757-1972 High-tensile friction grip bolts (first revision ) 
4206-1967 Dimensions for nominal lengths and thread lengths for bolts 

screws and studs 
5370-1969 Plain washers with outside diameter 5S 3 X inside diameter 
5371-1969 Multi-tooth lock washers 

5372-1975 Taper washers for channels ( ISMC ) (first revision ) 
5374-1975 Taper washers for I-beams ( ISMB ) (first revision ) 
5554-1970 Lock washers with lug 
6610-1972 Heavy washers for steel structures 
6623-1972 High tensile friction grip nuts 
6639-1972 Hexagon bolts for steel structures 
6649-1972 High tensile friction grip washers 

II Design Code 
IS: 

800-1962 Code of practice for use of structural steel in general buildinj 
construction ( revised ) 

801-1975 Code of practice for use of cold-formed light gauge stee 
structural menibers in general building construction 

802 ( Part I )-1977 Code of practice for use of structural steel in over 
head transmission line towers: Part I Loads and permissibh 
stresses (first revision ) 

802 ( Part II )-1978 Code of practice for use of structural steel in over- 
head transmission line towers: Part II Fabrication, galvani- 
zing, inspection and packing 

802 (Part III )-1978 Code of practice for use of structural iteel in 
overhead transmission line towers: Part III Testing 

803-1976 Code of practice for design, fabrication and erection of 
vertical mild steel cylindrical welded oil storage tanks 

804-1967 Rectangular pressed steel tanks (first revision ) 

805-1968 Code of practice for use of steel in gravity water tanks 
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IS: 

80&>1968 Code of practice for uk of steel tubes in general building 

construction 
807-1976 Code of practice for design, manufacture, erection and testing 

( structural portion ) of cranes and hoists {first rtvirion ) 
3177-1977 Code of practice for electric overhead travelling cranes and 

gentry cranes other than steel work cranes 
4000-1967 Code of practice for assembly of structural joints using high 

tensile friction grip fasteners 
4573-1968 Code of practice for design of mobile cranes ( all types ) 
4594-1963 Code of practice for design of portal and semi-portal wharf 

cranes ( electrical ) 
6409-1971 Code of practice for oxy-acetylene fiame cleaning 
6521 ( Part I )-1972 Code of practice for design of tower cranes: Part I 

Static and rail mounted 
6533-1972 Code of practice for design and construction of steel chimneys 

III mi ding 

IS: 

812-1957 Glossary of terms relating to welding and cutting of melals 

813-1961 Scheme of symbols for welding ( amended ) 

814 ( Part I )-1974 Covered electrodes for metal arc welding of struc- 
tural steel for welding products other than sheets {fourth 
revision ) 

814 ( Part II )-1974 For welding sheets ( fourth revision ) 

815-1974 Classification and coding of covered electrodes for metal arc 
welding of structural steels ( second revision ) 

816-1969 Code of practice for use of metal arc welding for general 
construction in mild steel ( first revision ) 

817-1966 Code of practice for training and testing of metal arc welders 
( revised ) 

818-1968 Code of practice for safety and health requirements in electric 
and gas welding and cutting operations {first revision ) 

819-1957 Code of practice for resistance spot welding for light assemb- 
lies in miid steel 

822-1970 Code of procedure for inspection of welds 

823-1964 Code of procedure for manual metal arc welding of mild steel 
1024-1968 Code of practice for use of welding in bridges and structures 

subject to dynamic loading 
1179-1967 Equipment for eye and face protection during welding (first 

revision ) 
1261-1959 Code of practice for seam welding in miid steel 
1278-1972 Filler rods and wires for gas welding ( second revision ) 
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IS: 

1393<1961 Code of practice for training and testing of oxy-acetylene 

welders 
1395-1971 Molybdenum and chromium-molybdenum-vanadiuni low 

alloy steel electrodes for metal-arc welding ( second revision ) 
2811-1964 Recommendations for manual tungsten inert-gas arc-welding 

of stainless steel 
2812-1964 Recommendations for manual tungsten inert-gas arc-welding 

of aluminium and aluminium alloys 
3016-1965 Code of practice for fire precautions in welding and cutting 

operations 
3023-1965 Recommended practice for building-up metal spraying 
3600 ( Part I )-1973 Code of procedure for testing of fusion welded 

joints and weld metal in steel — General test (first revision ) 
3613-1970 Acceptance tests for wire flux combinations for submerged 

arc welding ( first revision ) 
4353-1967 Recommendations for sub-merged arc welding of mild steel 

and low alloy steels 
4943-1968 Assessment of butt and flllet fusion welds in steel sheet, plate 

and pipe 
4944-1968 Code of procedure for welding at low ambient temperatures 
4972-1968 Resistance spot-welding electrodes 
5206-1969 Corrosion-resisting chromium and chromium-nickel steel 

covered electrodes for manual metal arc welding 
5462-1969 Colour code for identification of covered electrodes for metal 

arc welding 
5922-1970 Qualifying test for welders engaged in aircraft welding 
6560-1972 Molybdenum and chromium-molybdenum low alloy steel 

welding rods and base electrodes for gas shielded arc welding 
7307 ( Part I )-1974 Approval testing of welding procedures: Part I Fusion 

welding of steel 
7310 (Part I )-1974 Approval testing of welders working to approval 

welding procedures: Part I Fusion welding of steel 
7318 ( Part I )-1974 Approval testing of welders when welding procedure 

approval is not required: Part I Fusion welding of s*eel 
7318 { Part 11 )-1974 Approval test for welders when welding procedure 

approval is not required: Part II TIG or MIG welding of 

aluminium and its alloys 

IV) Handbooks 

SP: 

6(1)-1964 Structural steel sections ( revised ) 
6(2)-1962 Steel beams and plate girders 
6(3)-1962 Steel columns and struts 
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6{4)-1969 

6(6)- 1972 

6(7)-1972 

12-1975 
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Use of high strength friction grip bolts 

Application of plastic theory in design of steel structures 

Simple welded girders 

ISI Handbook for gas welders 



V) MisetlUmnus 
IS: 



696-1972 

962-1967 

7205-1974 
7215-1974 
8640-1977 



Code of practice for general engineering drawings ( stcond 

rmsion ) 

Code of practice for architectural and building drawings 

()!«* rmsion ) 

Safety code for erection of structural steelwork 

Tolerances for fabrication of steel structures 

Recoi^kinendations for dimensional parameters for industrial 

buildings 
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